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The regular monthly meeting of the W''estern 
on Tuesday, September 15, 1903, Tresident D. F. 
Meeting called to order at 2:30 p. m. 

Among those present the following registered 



Railway Club was held 
Crawford in the chair. 



Ault, C. B. 
Barnum, M. K. 
Benjamin, F. G. 
Bischoff, G. A. 
Bentley, H. T. 
Brandt, F. W. 
Brazier, F. O. 
Bronian, J. G. 
Bronner, E. D. 
Brooke, Geo. D. 
lirooks, P. R. 
Carney, J. A. 
Carpenter, H. C. 
Coffin, G. B. 
Cooke, Allen. 
Cota, A. J. 
Crawford, 1). F. 
Cushing, Geo. AV. 
Deming, H. V. 
Doebler, C. II. 
Dncas, C. 
Dunham, AV. E. 
Fames, Ed. J. 
Elliott. M. D. 
Elliott, P. M. 



Fenn, Frank D. 
Fogg. J. W. 
Forsyth, Wm. 
Gaspar, Chas. 
Hechler, W. D. 
Hill, Jas. W. 
Hinson, J. A. 
Hogue, O. D. 
Hooven, A. E. 
Justice, D. J. 
Keeler, Sanford. 
Kirby, T. B. 
Kuhlman, H. Y. 
Lawes, T. A. 
Long, J. H. 
Mc Alpine, A. R. 
Menzel, W. G. 
Mileham, C. M. 
Mylett, Jas. 
Nichols, G. P. 
Noble, L. C. 
Parks, Geo. E. 
Patterson, J. B. 
Peck, P. II. 
Perry, A. U. 



Pflager, H. M. 
(^uayle, R. 
Riddell, Chas. 
Rogers, M. J. 
Rowley, S'. T. 
Royal, Geo. 
Sanborn, J. G. 
Schroyer, C^ A. 
Setchel, J. H. 
Sharp, W. E. 
Slaughter, G. F. 
Smith, F. E. 
Stimson, O. M. 
Stocks, W. H. 
Talmage, J. T. 
Taylor, J. W. 
Thompson, J. S. 
Thurnauer, Gustav. 
Tratman, E. E. R. 
Walbank. R. T. 
Webb, E. R. 
Wlckhorst, M. H. 
AVilliams, G. H. 
Wilson, Geo. I.. 
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The Tresident: The first order of business is tlie approval of tbe 
minutes of tlie last meeting. The minutes were published, and if 
there are no objections, will be approved as printed. 

The Secretary has some announcements to make in reference to the 
membership list: 

The S^cbetaby: 

Members, May, 1903 1,112 

New Members 15 

Total 1,127 

Resigned 26 

Dues unpaid 39 

Mail returned 2 

Deaths 3 70 

Total Membership 1,057 

NEW MEMBERS. 

NAME. OCCUPATION AND ADDRESS. PROPOSED BY 

Bert Hynes, New York Air Brake Co., Chicago Geo. Royal. 

E. C. Anderson, Chicago, Burl. & Quincy R. R. Co., 

Chicago J. S. Goddard. 

E. Cockfield, Chicago, Burl. & Quincy R. R. Co., 

Aurora, 111 J. S. Goddard. 

E. H. Symington, Railway Appliance Co., Chicago. . p. Manchester. 
R. L. Huntley, P. A. E., Union Pacific R. R., Omaha, 

Neb J. W. Taylor. 

A. E. Johnson, Stkpr., C. & N. W. Ry., Kaukauna, Wis. J. F. Fleischer. 
J. C. Younglove, H. W. Johns-Manville Co., Chicago. . F. G. Younglove. 
J. S'. Ford, Auditor C. & E. I. R. R. Co., Chicago J. W. Taylor. 

B. K. Harris, Damascus Bronze Co., Chicago J. G. Sanborn. 

Stewart McDonald, Fire Inspr., C. & N. W. Ry., 

Chicago W. E. Dunham. 

Theo. F. H. Zealand, Draftsman, M. C. R. R., Detroit. G. E. Parks. 

H. L. Winslow, J. L. Yale & Co., Chicago J. N. Reynolds, 

W. B. Simpson, A. M. Castle & Co., Chicago A. M. Castle. 

I no. Moriarity, G. F. L. D., Iowa Central Ry., Mar- 

shalltown, la C. H. Mead. 

D. E. Moodie, G. S. K., AVis. Central Ry., Fond du 

Lac, Wis W. G. Menzel. 

The Secretary: I havt* also, Mr. President, the report of the Audit- 
ing Committee. It is as follows: 

Chicago, September 15, 1903. 
To the President and Board of Directors: 

We, the Auditins: Committee, have examined the books of Secre- 
tary and Treasurer for fiscal year ending May 31, 1903, and find same 
to be correct. A. J Cota, ) committee. 

Geo. Royal, ) 
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The Pbesident: If there is no other new business to come before tlie 
meeting we will proceed with the reading of Mr,. Henderson's paper on 
"Water Treatment in Railroad Operation." 

Mb. George R. Hendebson: Mr. President, this is not intended by 
any means as an essay on water treatment, but merely to call atten- 
tion to some facts and peculiarities in connection with water treat- 
ment which are sometimes overlooked when the plant is being figured 
upon and installed, and which sometimes make themselves manifest 
in a very unpleasant way after the construction has been completed; 
and the intention was more to start a little criticism, or family talk, 
as it were, on the subject of water purification and what its dijfficulties 
are, and how it should be accomplished. I wish to make these few words 
of explanation so as not to be criticised in any way as intending an 
expose of the subject. 
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WATER TREATMENT IH RAILROAD OPERATION. 
By Mr. G. R. Heiidorson. 

Few improvements in railroad operation bare excited such uniform 
interest witliin tbe last few years as tlie systematic treatment of boiler 
feed waters. The inauguration of this work is of veiy recent origin. 
In the struggle for competitiTe mastery, every point of vantage is dis- 
cussed, and if it be possible to maintain our engines longer in service 
or reduce the cost of repairs by any legitimate means. It is sure to receive 
attention. When our engines were small and not worked to anything 
like their capacity, a little additional **mud" in the boiler was not given 
serious thought. \N'hen, however, our boilers came to be operated for 
long hours to theh* limit of evaporative capacity, the question became 
a serious one, and the more so as the engine was needed for almost con- 
tinuous service. 

"Washout experts" came to the front and contended that by extreme 
care— so difficult to enforce among the exigencies of traffic congestion- 
boilers could be maintained a long time in service: the very delays due 
to holding the engine for such careful washouts would sum up, perhaps, 
more time actually out of service than would ordinarily be imagined. 

The next step was to use soda ash in the tender, and so make a 
treating plant out of the locomotive, necessitating frequent and thor- 
ough washing out and blowing out— the latter particularly objectionable 
in passenger service. Often soda ash was used when the incrustants 
were carbonates and really needed a simple treatment of lime, but 
"soda ash" was a standard "cure all," and in it went. 

Finally it became evident that l>etter service could be maintained by 
treating the water before it was taken on the tender, and thus avoid 
the blowouts and washouts and their various objections. The principal 
sftumbling block was the expense of plants, which runs from one to six 
thousand dollars each, and if bad waters are numerous many such 
plants will be required. 

In oi-der to demonstrate the efficiency of such systems, one western 
road covered a stretch of 200 miles in a bad water district by treating 
tanks so located that the passensrer engines would use only treated 
water, the stations being separated by 50-mile intervals. The freights, 
taking water much more frequently, were not expected to show tiie 
same benefit as the passenger engines. In the course of a few months 
the passenger power showed by inspection that the old scale was drop- 
ping off the firebox sheets and staybolts and that the treatment was 
becoming effective. 

The different waters were doctored with lime or soda ash. or both, 
as analysis of the water indicated necessary, but the engineers reported 
increased trouble from foaming, and further analyses proved that they 
were correct. 
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A^ a rule boiler waters are found objectionable if containing ingredi- 
onts tiiat will cause corrosion, incrustation or foaming. Corrosive matter 
can generally be neutralized, but foaming troubles are difficult to over- 
come. Oil, tannic acid, liquid hemlock and various boiler compounds 
liave been experimented with, and perhaps the best results have been 
obtained with the Omaha boiler compound, which seems to quiet the 
water very effectively without injuring the boiler. If a water contains 
over 50 graias of foaming matter (soluble salts) to the gallon, it is sure 
to give trouble in a locomotive. 

The incrustiug salts must be regarded as of two kinds: carbonates 
and sulphates. The former, when boiled, give off carbonic acid gas. when 
in excess, and deposit as chalk in a soft, flocculent mass, easily blown 
out of the boiler. By a previous treatment of slaked lime, the carbonic 
acid is all combined with lime, allowing the carbonates to deposit while 
cold in the treating tank instead of in the boiler. In such cases all the 
carbonates originally in the water, and that which is formed from the 
added lime, will be deposited by gravity, if the treating solution be of 
the proper strength, and neither the carbonates nor the treating lime 
will enter the boiler. 

With sulphates, however, the conditions are different. These require 
soda ash or soda carbonate for their reduction, the reaction producing 
carbonates and soda sulphate. The carbonates will be deposited, I'.s 
ex{)lained before, but the soda sulphate remains in the solution, enters 
the boiler, and congftitutes a foaming grievance. It does not form scale, 
but by concentration makes the water so light that it primes and 
passes over into the cylinders, and at times even prevents blowing the 
whittle. 

Thus we pass from one trouble to another; in fact, one large western 
road is following the practice of leaving waters untreated if they would 
contain 50 grains per gallon of foaming matter after such treatment. 

A water may contain 30 grains incrusting and a lite quantity of 
foaming matter to tlie gallon; the treating of such water (If the incrust- 
ants be sulphates) would result in over 60 grain<5 of foanrini? material, 
and the road referred to advises that the foaming water se(?nis to s« arch 
che joints of the boiler much more actively than gooi water— in other 
woi'ils, causes leaks. 

Baryta hydrate has been suggested as a means of preventing foam- 
ing, by forming baryta sulphate, which is insoluble and will precipitate, 
but its expense is prohibitive. Ordinary treahnent of Tjne and soda 
ash can be made for from two to six cents per thousand gallons for 
chemicals. It seems as if the only way in whi'h foaming can be oblit- 
erated is by distillation. The cost of this method has generally been 
considered beyond reason, but by means of an apparatus devised by our 
fellow-member, Professor Goss, distilled water may be produced for thir- 
teen cents a thousand gallons, figuring coal at one dollar per ton. In lo- 
calities where it is necessary to haul water any distance, say fifty miles or 
more, the still may show a very nice saving, and the cost of the apparatus 
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will not, perhaps, exceed that of the equipment tied up In water service. A 
model of such an apparatus has been tried on water containing 400 grains 
per gallon, and has demonstrated its practicability. 

It would be well to have each particular water thoroughly studied 
and find out whether, after treatment, it will be all that is desired, 
or we may spend considerable money and still be disappointed in our 
results. These suggestions are not Intended in any way as a reflection 
upon the treatment of waters, as we believe that railroads must come 
to recognize it as good practice, but it is intended as a caution to those 
who expect a speedy relief from all boiler troubles, without taking the 
neces^ai-j' steps to prevent simply a correlation of trouble. 



The Pbesident: You have all heard Mr. Henderson's paper; it covers 
a subject I think we are all very much interested in. It is now open for 
discussion. Mr. JDavidson, cannot you tell us something on this subject? 

Mb. G. M. Davidson (C. & N. W. R. R.): Mr. President, I prefer 
to have somebody else start the ball rolling; however, as no one seems 
inclined to do so I will offer a few criticisms on Mr. Henderson's paper. 

He states "The different waters were doctored with lime or soda ash, 
or both, as analysis of the water indicated necessary," and that the cause 
of foaming was on account of tliis doctoring. Now, tliere are several 
causes of boilers foaming. First, there may be an excess of soda 
ash. There are two kinds of soda ash on the market, known as the 
"dense" and the "ordinary." Chemically they are the same; physically 
they are not, the dense being compact and the ordinary being light and 
fluffy. When we used soda ash in tenders of locomotives it was cus- 
tomai-y, as a matter of convenience, to measure it instead of weighing 
it— put in so many pailfuls of it. Sometimes we would get one kind and 
sometimes another, the consequence being we did not get regular results. 
In putting In soda ash it is easy to overdo or underdo, on account of 
there being two kinds and nothing in their appearance to distinguish 
them especially. I have had a practical illustration of the foaming 
tendency of soda ash. We had at DeKalb, 111., a certain water which 
contained about four grains of soda ash per gallon. Engines leaving 
Clinton would do very well until they got to DeKalb, where they filled 
their tanks with this water containing soda ash; and after leaving 
DeKalb they commenced to foam. I talked with a great many engineers 
about this, and, while they did not know just what the trouble was, 
they thought it was the water that caused it. I invesigated this 
and found that the water contained soda ash in solution. Whenever 
they left DeKalb the water foamed, while it did not foam before they 
got there. 

In regard to the amount of soluble salts that can be used in water 
and still have the water usable, I jiiight say that we have some waters 
in Minnesota and Dakota that are loaded down with soluble salts. I 



Water Treatment 7 

had occasion recently to look over the analyses of some of the waters 
on the Dakota division, and I had no trouble at all in finding ten in which 
the soluble salts ran from 86 grains to 121 grains per gallon. We are 
using this water every day; not because we think it is first-class water, 
but because we have nothing else up there. But it goes to show that we 
can run locomotives and are running them with water that contains 
from 86 grains to 121 grains per gallon of soluble salts, most of it sul- 
phate of soda. We have one water that has 102 grains of sulphate of 
soda in it, and we have another one that has 89 grains of sulphate of 
soda in it. The reputation among the operating men and the engineers 
is that the one that has 89 grains of sulphate of soda causes more foam- 
ing than the one with 102 grains; naturally the question came up, why? 
A study of the analyses showed that the one that has 89 grains in it 
has, in addition, 12 grains of soda ash per gallon. There we have another 
indication that soda ash is the cause of a great deal of foaming. Soda 
ash, in my opinion, is the worst chemical to cause foaming that we have 
to contend with— a great deal more so than sulphate of soda or chloride 
of soda. This water with 102 grains of sulphate of soda in it did not 
foam as much as the one with 89 grains of sulphate of soda, because 
ihp one with 89 grains had, in addition, 12 grains of soda ash. There 
being an excess of soda ash, Ihe water, of course, could not contain 
sulphate of lime. 

Another cause of foaming is dirty boilers. We found when we 
first commenced to use softened water that we had a great deal of 
trouble the first week; and when we came to wash out the boilers we 
were surprised at the enormous quantity of old scale and dirt that came 
out. After they were washed out and started again we did not have 
any trouble until some more old scale was detached. After the scale 
was all out our troubles ceased. 

Another reason for foaming is that the water in the boilers is 
not changed often enough. We must not think because we are using 
treated water that we must never change the water in the boiler. It 
ought to be good practice once a week to let that water run out and 
fill the boiler with fresh water. 

The principal cause of foaming, in my opinion, is the presence 
of fine precipitates in suspension. Carbonate of lime is the usual one. 
AVith the intermittent process the only chance to get carbonate of lime 
in a treated water is when the suction pipe from the settling tank leaks. 
We have simply a piece of galvanized iron pipe attached to a float, so 
that we draw the clearest water from the surface. We have had one or 
two cases where this pipe leaked; one case where it became unsoldered, 
so that we were drawing in with the clear surface water a whole lot 
of Waaler from the bottom of the tank which was loaded down with a 
fine precipitate of carbonate of lime. That water caused foaming, and 
we investigated and found that the pipe was broken; when we put in 
a new pipe the trouble stopped right away, so that wo had no more 
foaming. 
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With the continuous process you are apt to ?jet carbonate of lime 
into your water wlien you pass tlie water though the apparauts too 
rapidly. It is a well-known fact that the reaction between soda ash 
and sulphate of lime is very slug;?isli, especially in cold water. If you 
attempt to pass a volume of water through a softening apparatus so 
that it is not in the apparatus more than three or four hours, 
if the water contained such sulphate of lime you are very apt to have 
it go through tlie machine and still contain sulphate of lime; the reac- 
tion is incomplete, and it will allow the precipitate to collect in tlie 
railway supply tank and eventually reach the boiler and cause foaming. 

One point I want to criticise is what Mr. Henderson says about the 
Omaha boiler compound. We are supposed to be a technical society, 
and as such sliould call things by their proper names. I have not 
any doubt but that Mr. Henderson knows what the Omaha boiler com- 
pound is; and if it is any well-known chemical he ought to tell us what 
it is. Simply to say *'Omaha boiler compound" does not convey to us 
any information. 

Mr. Henderson names figures showing a cost of from 2 to 6 cents 
per thousand gallons for cliemicals. I do not know just how he ob- 
tains the figures, but I tliink tlie average is less than 2 cents. I have 
under my supervision sixteen water softening plants in operation; some 
of tliem have been in operation over a year, and I may say we keep a 
careful record of cost, so we know exactly the cost of cliemicals, cost of 
fuel and labor and everything else at each of these sixteen plants. The 
cost of cliemicals per thousand gallons is less than 1 cent at seven of 
them; at seven others it ran from 1 to 2 cents, and at two of tliem from 
2 cents to 2.7 cents; so when he names 2 to 6 cents as tlie cost his 
figures are higher than the average. 

Mr. Henderson states that it costs 13 cents per thousand gallons for 
distillation, figuring coal at one dollar a ton. I do not know where 
he can buy coal at a dollar a ton, unless it is at the bottom of a coal 
mine, and we certainly do not want to set rp a distilling apparatus there. 
Most of our alkali waters are located way off from coal regions, so 
we would have to pay for the transportation of coal to wliere the water 
is and in that case, of course, it figures a great deal more than a dollar 
a ton. 

I agree with Mr. Henderson in regard to what lie says about each 
water being particularly studied. I think it is a mistake to go into the 
water-softening business without, knowing exactly what you are doing; 
therefore I think it is excellent practice to study each water— not only 
take a single analysis, but take analyses at different seasons of the year 
and under different conditions, before a rain storm and after a rain 
storm. I found during the wet weather we had this year that the char- 
acter of some of our well water has changed. The rainwater, coming 
through the ground, comes in contact with gypsum, or chalk, dissolves 
part of it and carries it to the well, so that each particular wc^Il water 
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requires a careful study to make a treatment suited to lliat particular 
water. 

The President: Mr. Quayle, we would like to hear from you on 
the subject. 

Mr. Robert Quayle (C. & N. W. Ky.): Mr. Chairman and (ieutlemen. 
I do not believe I want to touch very particularly upon the paper 
that is before us. Mr. Davidson has touched upon some points, and 
inasmuch as this is a paper that ought to be discussed by the chemists 
that are here I will simply confine my remarks to the chemical side of it. 

We have 350 miles of road now, that is, continuous miles of road, 
over which we run about 200 locomotives that are constantly taking 
water from these plants, and the master mechanic— who is present 
today— finds that his troubles have been lessened very consider- 
ably. As a matter of fact, we know, as railroad men, that some 
supply men will come to you and say: **Mr. So-and-so, I have something 
that is most excellent and will improve certain conditions that exist on 
your road, and I want you to give me the worst old locomotive you have 
and I will apply it, and will show you that I can make a considerable im- 
provement." Now, the motive power man, who has already a man on the 
job, will reidily say that we can improve the worst conditions ourselves. 
What we wish to do is to improve the very best conditions we have; if we 
can make an improvement on our best practice it is all right. I simply 
state this as an illustration. 

On our road we met the worst conditions we had, consistent with the 
amount of traffic going over that part of the road where those conditions 
existed. We took our main line from Omaha to the Missouri river and the 
Mississippi river, where a heavy power was used and a heavy traffic con- 
ducted. Mr. Benjamin, who is master mechanic there, know^s that he 
would have to take the flues out of the boilers about every nine months 
or less, but with expert care and with the expert l)oiler washers, that 
Mr. Henderson refers to, we were able to keep the engines out longer: 
they were washed out about every other trip with 150 pounds pressure: we 
had plugs in certain locations of the boiler that would give us access to 
every portion of it, that we might remove the scale expeditiously and that 
would leave our boilers almost clean when we were through. We find 
that we have reduced the number of boiler makers and boiler makera* 
helpers on that part of the road very considerably, and we find that the 
engines are going out and coming in without the difficulties that we 
formerly had to contend with, but I think even now that a year is a 
little too early for us to commence to say too much in its favor, because 
some other objections may arise after a while that we cannot foretell 
or that we do not know of at present. But we are very much gratified 
with the results we are obtaining, and T think it is one of the best invest- 
ments the Northwestern road has ever made. 

For example, if we were to take twenty locomotives new, and take 
ten of them and put them up on our Wisconsin, or on our Asliland and 
Peninsula division, running from Chicago to the northwest, and take ten 
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of the Slime eugines, built at the same time, by the same company and 
under the same specifications, and send them off into the Iowa district, 
or from Chicago west, we would have this result: that at the end of 
twelve years we would find that the ten engines that went to the 
north there would be no patches on the fireboxes, there would be no half 
side sheets, there would be little or no repairs, because the water In the 
boiler would not give us any trouble at all. We would find that with the 
other ten engines we would require new side sheets within from one year 
to fifteen months— very rarely go beyond that, although we had three 
or four instances where perhaps it has gone as far as twenty months; 
within another fifteen months we would require new crown and side 
sheets. The fact is that on these two divisions we are using practically 
the same kind of coal, going through the same district a goodly portion of 
the time, the same mine supplying the coal for both, so it was not in 
the coal. We think the men on the two divisions are about as good on 
one as on the other, with the same boiler inspector going over the 
road, Instructing the men as to methods of washing boilers and keeping 
them clean, precisely, or as nearly as possible in the same manner and 
with the same pressure and with the same kind of pump. All the condi- 
tions being as nearly equal as we could have them, we concluded 
that it must be in the water, and now the experience we have had dur- 
ing the past year simply confirms our belief that we were right, that it 
was the water, and we are looking forward now to getting better 
water on that division where we had the most trouble. As Mr. David- 
son explained in his paper here at one time, that in our northern districts 
we have, as geologists tell us, and as we know, great quantities of 
gypsum and chalk, through which the water percolates; that is taken up 
in the water and it gets into our boilers, and that causes the trouble with 
our water, and we believe, after having experimented with the use of 
soda ash in our tanks for a period of eight years prior to putting in 
these water purifying systems, that while that is a veiy excellent way, 
in the absence of a better kind of a plan and better results, we are 
satisfied now that the way to treat waters is to treat it before we put it 
into our locomotive tanks, and not get that solid that is thrown down by 
the boiling water into the boiler, but get rid of it before you put it in. 
We are very much delighted with what we are doing; we do not think 
that we have the only thing that there is in the United States at all, but 
we are satisfied with that we have. 

Mr. E. D. Bbonneb (Michigan Central R. 11.): I do not know that 
1 can add anything to this discussion; we are not having any experience 
with water purifying plants. The water, on the whole, on our system is 
very good. We have, of course, used the soda ash, as most of the other 
gentlemen who have spoken have, but on account of various troubles 
we have abandoned it altogether; in fact, w^e do not attempt now to 
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purify our water at all, except at one point where we have a filtering 
plant. 

Mr. M. K. Baenum (C, R. I. & P. R. R.): I had about a year's 
experience on the Union Pacific road with the use of a special boiler 
compound and with which very successful results were obtained in the 
stationary boilers of the city water works at North Platte. 

The water at that point had about 28 grains of solid matter to a thous- 
and gallons, and it was very severe on the tubes and fireboxes, pitting 
them badly and causing the fire boxes to crack and con*ode around the 
stay bolts. Our shop was just across the street from the water works 
plant, and I had occasion to inspect their boilers while they were washing 
them, and, much to my surprise, they were absolutely clean. They 
had used this boiler compound for a number of years, and I found that 
the flues had been in those boilers for thirteen years. Our flues in the 
locomotive boilers had to be changed every nine months, and we were 
getting about 3,000 to 4,000 miles a month out of them. 

With fhis encouragement we took up the use of this boiler com- 
pound, which was made by a Cleveland firm, and introduced it into 
the roadside tanks by means of attachments to the water pumps, so 
that It would be distributed In each tank in proportion to the impuri- 
ties of the water to be treated, not putting it in the locomotive tanks. 
The average amount used was about eight ounces to a thousand gallons 
and it cost about 6 cents a pound, making the cost per thousand gallons 
about three cents, and after the plants were once installed there was 
practically no cost for attention, as the pumpers added the boiler com- 
pound, in addition to their other duties and without any extra compensa- 
tion. 

This system was tried on a district between North Platte and Sidney, 
123 miles, where the water was rather Worse than that east of North 
Platte, and where the boiler work averaged about double the amount 
required on the engines running east of North Platte. The result obtained 
within a very short time, two or three weeks, if I recollect right, was to 
reuuce the boiler work on the engines using the treated water to about 
one-quarter of that still required on engines running east of North 
Platte which were not using the treated water. 

We were also able, by partially blowing the boilers out at the end 
of each trip thoroughly, or changing the water, to run boilers thirty days 
without regular washing out, and It would have been possible to run 
longer, but we did not consider It advisable. 

This practice we kept up for a year, and the results were quite a 
saving in boiler work, a saving in the time of the engino, due to not hav- 
ing to be held for boiler washing so frequently, and an increased mileage 
from the flues, but at the end of the year the cost of treating the water 
was found to just about offset the saving, and consequently the test was 
dropped and It has not been taken \ip since. 

On the same division of the Union Pacific they are now installing 
purifying plants at all of the principal roadside tanks. In the first place 
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one plant was tested on tho Wyominjc division, at Point of Uov ks, wlicn* 
the water was very bad (I l>elieve it had al)out 80 grains of solid mat- 
ter to the thousand gallons), and this was reduced by treatment to about 
five grains of solid matter, and the results on the road correspondingly 
good from locomotives using it. As I have not been with the Union 
Pacific for the past eight months, I cannot give j'ou the figi;res or ivsults 
ten of these treating plants on the Nebraska division, and the conclusion 
has been that the correct way of treating the water is not through put- 
ting a boiler compound in the tender, or even in the roadside tank, l>ut 
to take the impurities out before the water goes into the boiler. 

The Rock Island has madv^ quite a thorough test of soda a«li in 
of the tests since December last, but they have been encouraged to put in 
locomotive boilers with some benefit, but not enougli to be satisfactory, 
and are now about to install water purifying plants on the Kansas Di- 
vision at fifteen different stations, wliere most of the water is taken. 
These are not yet ready for service, therefore I cannot say as to tlie re- 
sults which will be obtained. 

We have on that division one point, AVhite water, where we obtained 
water very heavily charged with common table sjilt, and we have yet to 
find a chemist that can handle that water by chemical treatment. AVe 
liave liad some talk witli Prof. Goss and have considered the matter of 
installing a distillation plant there, but the question is not yet settled, 
but that seems to be the only solution of the problem of improving that 
quality of water. Possibly some one here now may be in position to give 
some experience in that line, and we will be glad to get the benefit of it. 

Mr. J. A. Carney (C, B. & Q R. R.): I have not much to say on 
this subject, except I am very much in favor of treating water outside of 
the boiler. We have been througli the soda ash stage, trying to treat 
defective waters in the boiler, and liave practically given it up. 

I am very much interested in what Mr. Henderson liad to say on 
distilling water; I personally believe it is the only way that water con- 
taining large quantities of sodium salts can be treated successfully an<I 
set results which will be a benefit to the boilers, and if you can give us, 
Mr. Henderson, the method of treatment, I wouhi be very glad to hear 
of it. 

Mr. C. B. Ault (Superior Chemical Works): This subject is very 
interesting to me from the other end. 1 am not in the railroad l)usiness, 
but in the supply business, and I cannot agree w^th Mr. Quayle about 
a supply man offering to take the best conditions and improving them. 
Usually they want to improve the worst conditions, as their best con- 
ditions are usually satisfactory. 

There is one point in this paper that I wish to speak of, regarding 
the distilling of water at 13 cents per thousand gallons, figuring coal 
at $1.00 per ton. I would like to ask Mr. Henderson if distilled water 
would not give them pitting and corrosion. As I understand, from goinu 
around calling upon engineers and practical men, who are interest lhI 
in this subject, tiying to better their conditions, it is claimed distilled 
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Avjiter is equally as bad as rain water on the boilers. It will absorb 
the necessary solid matter from the iron, causing corrosion and pitting. 

In regard to treating waters, we liave samples of waters that were 
til ken from treating tanks after the precipitates were drawn off, and 
found them heavily charged with soda ash, and the water foams very 
bjidly; there is no doubt but that soda ash, if used in excess, will foam, 
or used in sufficient quantity to precipitate the solids, will cause foaming. 

Of course, 1 am not an advocate of the purifying system, although- 
we have compounds that will purify waters, precipitate them through 
those systems. We have treated waters that carry 106 grains of solid 
matter and given excellent results without any bad effects. We made a 
test on one railroad where tlie main trouble was foaming. After a six 
months' run a master boiler maker was sent to examine the locomotive, 
and reported that the locomotive looked as though it had just come out 
of the shop. I know this is a very interesting subject: the railroads are 
all looking for something to better their conditions, and of course we are 
trying to supply it. Our mechanical engineer, Mr. J. G. Broman, is a 
member of this club and I know he lias something to say on this sub- 
ject and I would like to hear fi'om him. He is a thoroughly practical 
man and has had a great many years of experience and is qualified 
to speak therefrom. 

Mr. J. G. Broman (Superior Chemical Compound Works): I have 
boon a member of this Western Railway Club for the last twelve or 
thirteen years, and during that time I have heard a great many dis- 
cussions in regard to the treating of waters in different ways, and the 
operation of locomotives. Though I am not a railway man myself, still 
I am interested in the mechanical topics. I have heard discussions on the 
burning out of fire boxes, flues and stay-bolts, and all such things, and 
the treatment of the different waters, but I have never heard any dis- 
cussion of the difference in construction of locomotive boilers for differ- 
ent waters. I find out West they have the same locomotives that they 
have in the East; the same in the East as they have out West for the 
different kinds of water. 

Some time ago I had occasion to bo out West in what is called the 
alkali district, to which" probably Mr. Henderson has reference in his 
paper, and I found that the water there was entirely of a different 
nature from that in the East. I was out West investigating the treat- 
ment of waters at the request of a railroad official. He wanted to see 
if I could treat a \yuter that had been previously treated by some puri- 
fying plants whiol/did not seem to be giving the desired results. While 
I had treated alkali waters in oth(»r places, thoy talked of this particular 
water as being very bad. 1 found the water very sensitive to heat, 
which I discovei'ed in riding on the locomotive over a distance of about 
1,200 miles. There are no two crows that do their work alike, and of 
course that has soniothinji to do with it. The engines wore run at a 
very high rate of speed, consocinontly required a very intense fire, which 
at tinios over-balanced the steam piessiu'o and raised the water into the 
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dome, then into the cylimlors and out of the stack. At the end of the 
trip they washed out one of the locomotive boilers on which I had been 
riding. I took the opportunity to get the measurements of steam spac«» 
heating surface and amount of water in boiler. I found the heating 
surface to be about 35 square feet. The amount of water was about 
2,700 gallons. The flues were set close to the bottom of the boiler, 
allowing no water space for the circulation of the water back to the fire- 
box. 

With this information on my first trip I procured some of the treated 
water and some directly from the well; then by the use of a test tube I 
found both waters very sensitive to heat and unlike our water here. 
They would not make small steam bubbles and float to the surface, but 
would make large ones and throw the water out of the tube; by adding 
some chemicals to the water I found I could balance up the alkali and 
keep the water from being thrown out of the tube. After that I took 
some soda ash and lime treated water and precipitated soda ash and some 
of the alkali by cold precipitation. With this knowledge of the water 
I made a second trip to try my chemical in actual work. On this trip 
we had a very successful run, partially due to the excellent firemen 
keeping a uniform steam pressure, which did not vary from 3 to 5 pounds 
in 200 miles run above or below the regular boiler pressure. The water 
in this boiler was carried unusually high, leaving only about 8 inches 
steam space. I asked the engineer why he carried the water so higli, 
and he answered that he wanted to see what my compound was worth. 
I asked, "If you should let the steam pressure go down where would 
your water be?" He answered, *'In the stack." I said, "But you do not 
want it in the stack." This was simply a test by the engineer. On the 
third trip I was sent on another locomotive, but of the same make, tlio 
same train, and running at the same rate of speed. In this case I found 
the conditions entirely different. The first fireman mentioned would 
break the coal into the proper size, put it on the fire when it was most 
needed, while the latter would take the big lumps in his hands and 
throw them in. When these lumps got heated and cracked open they 
gave out a tremendous fire, and the first thing we knew the water started 
to foam and come out through the stack, with the pressure lowered 
from 185 to 110 pounds. 

The next thing we noticed was that half of the flues started to 
leak, next the fire box, and all on the fireman's side, where the water 
enters the boiler. That showed that the feed-watej^ which is heavier, 
and the boiler running through space, carried it to ftie rear end, where 
it found a place of resistance. In this particular case I found the en- 
gineer opposed to using any boiler compound in his boiler. At the same 
time I saw a pail with something in it on top of the tenftSf and asked him 
wliat it contained. He said it was Omaha Compound. "Well, if you 
use Omaha Compound, why don't you want to try mine?" He said No! 
because he did not know anything about it. "Well then, if you use 
Omaha Compound what effect does it have on the water?" "Oh," he 
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auswered, "it seems to stop the foaming for a while.*' I said, "Doesn't it 
stop it for good?" He answered, "No. If the water foams very badly 
we put in some more compound." "Well," I said, "I am here for the 
purpose of trying this compound and the officers have ordered some put 
in your water-tank, which contains untreated well water." Everything 
went well the first fifty miles, to the next water station. Then the 
engineer remarked that the compound was all right so far, but after that 
he let the pressure go down and the result was as previously men- 
tioned. On an average I find that locomotives have to be fired very 
heavily and water will foam and spray without any chemicals in it, 
which to a great extent is due to the equalized heating surface, imperfect 
circulation and too small water space at the bottom for that kind of 
water. 

Once I had a similar experience with a locomotive that would throw 
water and foam when heavily fired, and we had what was considered 
good water. We came to the conclusion that the heating surface was too 
much equalized and retarded the circulation. We then put in a five-inch 
pipe in the bottom with two three-inch connections, one to each side of 
the firebox. Lkter we took out a number of flues nearest the bottom. 
The feed-water was introduced at the front end in this flue space, direct- 
ing the current towards the fire-box. We obtained by actual tests about 
25 per cent increase in steam capacity. 

While out West I saw a number of fire-boxes and side-sheets that 
had been furrowed and cracked. The water side was fiuted and rough, 
while the fire-box side was perfectly smooth, showing at times over-heat- 
ing from lack of proper flow of water. In the water tube boiler we 
find a perfect circulation and can be operated up to 75 per cent of its 
rated capacity, which cannot be obtained by return tubular boiler or any 
other make of boilers I know. Another thing, the setting of flues in zig- 
zag shape instead of having them in straight vertical lines, has also a 
tendency to retard the circulation of the water, carrying the steam bub- 
bles to the steam space. Treated water is all right, but it does not help 
the circulation of water in steam boilers. I should now like to hear 
some remarks from some of the gentlemen present in regard to con- 
struction of boilers for proper circulation of water. 

Mb. President: We have a few minutes left to discuss this sub- 
ject before we take up the next one. I would like to hear from some 
one else who has anything to say. If not, we will call upon Mr. Hender- 
son to close the discussion. 

Mr. Henderson: If all the discussion is in I will try to answer the 
questions that have been brought up. I was very much interested in 
what Mr. Davidson said, especially as he gives it from the strictly chem- 
ical standpoint, which I do not profess to do. 

Mr. Davidson spoke of certain water eoutaiuing 89 grains of sul- 
phate of soda and 12 grains of soda ash, and stated that the water foamed 
very badly. He did not say how much incrusting salt there was in that 
water, and I tliought there Avas n possibility- 1 do not knoAV. not know- 
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iiiK very uiiieh about the aimlyHis of tU» water- that there might luive 
lieeu 8onie additional sulphates, and with the soda ash treatment that 
would make very heavy foaming water. 

Mr. Davidson also spoke about changing the water once a week. 
That, it seems to me, is not very often. 1 know of some places where 
the water is clumged every trip; a grejit many places, in fact. Of course 
that consumes a great deal of time, and I found that in oil burners on 
the Santa Fe road, where tlie arch got very highly heated, It was not 
wise to wash out, or practically change the water, in less than inside of 
ten or twelve hours, as the fire arch was so hot that it retained the heat 
a great length of time, and it was not considered wise to wash it out 
until the arch had cooled down. 

In regard to the Omaha Compound, I must say that there seems to 
be some misunderstanding after all, because one party, by analysis, 
claimed that it contained liquid hemlock, while other parties claimed that 
it did not contain any. They must have had a different sample; I do 
not know whether they make it twice alike or not. While I am not 
generally in favor of compounds, and I do not want to be considered as 
being particularly well disposed to the Omaha boiler compound, yet tliat 
seems to do more good in the way of keeping down foaming than any- 
thing else we had tried. We have tried oil, tannic acid and paraffiiie. 
The Omaha Compound would not last a very long time, but it would 
quiet the water forty-five to sixty minutes. 

In regard to cost, Mr. Davidson objected to my putting the cost of 
treating water from 2 to 6 cents. I was looking over his paper and 
found tliat he stated the cost of treiitinj; was from 1 to 10 cents, If I 
remember rightly, so that I think the treatment at from 2 to 6 cents is 
a little inside of his. 

In regard to the criticism of the price of $1.00 for coal, there are a 
great many places where you can obtain dollar coal. I know of one 
road where it can be obtained for 20 cents, and you can get some for 50 
cents, 60 cents, 75 cents, $1.14 or $1.35. In the tests we have made the 
oil was charged at the rate of 25 cents a barrel, and we figiire<l that four 
barrels equaled a ton of coal. 

Alwut changing the flues every nine months, I know one point where 
they changed the flues every sixty days. The water was fearfully bad, 
and I believe now, with some treatment, they are able to run them two 
or three times as long, running about six months, but still we consider 
nine niontlis quite a good length of service. In regard to the fire-boxes 
having been patched inside of a year, I know of a number of fire-boxes 
tliat had to Ije renewed inside of a year, and this was with water that 
was very foamy. It seems as if tlie wide fire-boxes, with the intense 
heat action, practically drive the water from the sheet; in other words, 
some tests have l^een made that would si»em to indicate that there was a 
film of steam next to the fire-l)ox slieet, from one-fourth to one-half inch 
thick, >yhere the water did not touch the sheet, and, of course, when the 
throttle is closed and the circnhition is stopped, then the water comes 
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ajjaiust the side sheet, and it is easy to exphiiu the corrugation. With 
these fii-e-boxes it is not as troublesome at the stay-bolts as between the 
stay-bolts. 

Mr. Barnum spoke of blowing out the engine every thirty days on 
the Union Pacific. I think that is a very long time, indeed, to run; It 
would be in our section of the country. What we want to get at is not 
to have to change the water in the wash-out, because it all takes time; 
even with the best facilities you cannot wash out a boiler, changing the 
water, within less than six or seven hours, and in the districts where we 
burn oil it takes ten to twelve hours, and it is that time that it is very 
desirable to reduce. 

Some questions were asked about the still that was spoken of, in- 
stituted by Prof. Goss. The test that was made with the still was in 
Bagdad, Cal., where the water ran about 400 grains to the gallon, 233 
grains of salt and about 175 grains of chloride of calcium, and while 
the still was merely a model which was made for patent office purposes 
in order to get a patent, yet it demonstrated the fact that the water 
could be handled. The question that evolved itself in my mind was 
whether this material, salt and chloride of calcium, would not form a 
hard scale, but it was found that this could be blown out and practically 
clear the machine of the water. Of course, in that treatment there was no 
attempt made to reduce it, and this water was hauled in the trains fifty- 
seven miles, and the cost of hauling the water up to the tank on the 
hill was just 30 cents a thousand gallons; the cost at the plant was 
nearly 13 cents a thousand gallons, and as the consumption was about 
100,000 gallons it saved practically $17 a day by the introduction of the 
plant. However, since that matter wa? up the proposition of piping in 
the water has been considered, and as that would give a chance of sup- 
plying two or three other tanks on the way, it will probably be put into 
effect, although it will cost about $300,000, as against about $40,000 
for the still. There was practically a stand-off on the capital expense, 
so that the $17 a day was practically clear saving. I do not know but 
what I have given you all the information on the still, but if there is 
anything else you think of I shall be glad to answer. The still, I might 
say, is a seven-chamber evaporating type, somewhat similar to the type 
of the British Iron Company distilling plant on the Red Sea, which I 
believe has distilled water at the rate of forty to forty-five pounds per 
pound of coal, but this apparatus has distilled about sixty pounds of 
water per pound of coal. Prof. Goss has a full description of the plant 
and working plans. 

One member has made the statement that distilled water corrodes 
the boiler. I think that there would be no fear on that score, as the 
admission of other waters in the boiler will make such a mixture as 
not to cause any effective corroding. 

The statement was made that there was no difference in the locomo- 
tives that are used in the East from those used In the West. I think 
there Is a mistake In that. Locomotives in the West that use these 
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foiiiiiiiig waters are different; for instance, tlie water space is very luucli 
greater. I know of engines that have four and one-half to tive inches 
water space, and it has come to my knowledge that there are engines 
that have from four to six inches space, so as to give an additional 
amount of water at the flue sheets. I think that is unusual, so 1 beg 
to differ from the statement that locomotives in bad water countries are 
not different from those in good water countries. 

In regard to carrying the foaming water, I know of cases whei-e the 
water does not appear at all when they are working. As soon as they 
close the throttle the water rises to near the top of the water glass. 

1 think, Mr. President, that I have responded to most of the in- 
quiries, although if I have omitted any I should be glad to have thom 
called to my attention. 

The President: If there is no further question regarding the sub- 
ject of water purification we will take up the topi(uU discussion on "The 
Application of Grab Irons, Etc., to Engines and Tenders." 

The S"ecbetary: Mr. President, this is a subject that is of interest 
to the Master Mechanics* Association and came up through that associa- 
tion. To put the matter properly before the club it might be well to 
Bta^e some of the facts leading up to it, as far as the Master Mechanics' 
Association is concerned. I will first read quotations from the original 
safety appliance act and also from the recent amendments relating to the 
subject: 

Section 4 Act approved March 2, 1893, reads a follows: 

"That from and after the first day of July, 1895, until otherwise ordered 
"by the Interstate Commerce Commission, it shall be unlawful for any 
*'railroad company to use any car in interstate commerce that is not 
^'provided with secure grab irons or handholds in the ends and sides of 
"each car, for greater security to men in coupling and uncoupling cars.** 

By an amendment to the above section, approved March 2, 1903, 
it is 

"held to apply to common carriers by railroads in the Territories 
"and the District of Columbia, and shall apply in all cases, whether or not 
"the couplers brought together are of tlie same kind, make, or type, and 
"the provisions and requirements hereof and of said Acts relating to 
"train brakes, automatic couplers, grab irons and the height of draw- 
"bars shall be held to apply to all trains, locomotives, tenders, cars and 
"similar vehicles used on any railroad engaged in interstate commerce, 
"and in the Territories and the District of Columbia, and to all other 
"locomotives, tenders, cars, and similar vehicles used in connection 
"therewith, excepting those trains, cars and lo<'omotives exempted by the 
"provisions of Section 6 of said Act of March 2, 1893, and amended 
"April 1, 1896." 

At the M.'ister Mechanics' Convention in June this amendment was 
brouglit to the attention of the members and a committee was appointed 
to consider tlie matter, and it reported back to the convention as fol- 
lows: 
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**'riK» Coinmittoo respectfully reconninuids that the rear of locomotive 
tenders be equipped with grab irons to conform to the M. C. B. standard 
for equipping flat cars. 

"The law requires that pilot couplers be made operative without tlie 
necessity of trainmen going between the locomotive and car. This makes 
it necessary to devise some method of operating the pilot couplers from 
the outside. As there is a gi*eat diversity of the arrangement and appli- 
cation of pilot couplers, the committee is unable to recommend a standard 
method of application, but as we are confronte,d by the law it is abso- 
hitely necessary that some action be taken nt once in the premises.'* 

After some discussion of this report a motion that the recom- 
mendation of the committee in regard to the application of grab irons 
to the rear of tenders in the manner specified for platform cars wa:^ 
adopted, and the matter of the front end arrangement was referred 
to the railroads, with the idea of getting an extension of time, as it was 
considered very important that there be standards adopted for the grab 
irons in question so that there shall be less danger to employes. 

After the adjournment of the Convention the Atchison, Topeka & 
Santa Fe Ry. Co. petitioned the Interstate Commerce Commission to be 
relieved from the necessity of putting on any handholds. 

On August 17th I received the following letter from the Secretary 
of the Interstate Commerce Commission: 

*'As the matter of extending the time to those railroads who applied, 
for it was coming up on the fifth of August, I addressed a letter to you 
to inquire wlmt had been done in regard to any action of the Master 
Mechanics, relating to the proper location of handholds on the front of 
road locomotives, understanding from Mr. Groobey that the matter had 
been discussed at the Saratoga meeting, and that there was an expressed 
intention on the part of tlie committee to take up the subject with a view 
to determining the proper location, which would be made the recom- 
mended practice of the Association. I therefore wired you inquiring 
what liad been done, and upon receipt of your reply and consideration of 
the Atchison, Topeka & Santa Fe Railway Company, which had asked 
that it be relieved from the necessity of putting on any handholds, the 
Commission issued an order, a copy of which I enclose. The Commission 
will grant no application for relief from the applying of handholds to 
the front ends of road locomotives; but, appreciating the value of the 
suggestions of the Master Mechanics, it earnestly desires that at the 
earliest possible date the question will be taken up with the view of 
recommending a practice which, so far as it is possible, will be adopted 
and made uniform by the various companies. It is solely with that view 
that the time has been extended. It has been suggested by the Commis- 
sion that, so far as the members of the Association may propm'ly 
do so, the men who have to use these appliances should be consulted. 
It is not believed that there are any railroads in the United States that 
desire to avoid placing iipon the front of their locomotives anything 
which will l)e of practical value in the measure of safety to their em- 
ployes. 

*'Of course, we hardly suppose that you will be able to inform us 
of the views of the mechanical departments of the railroads, scattered as 
they are all over the country, at a very early date: but wc want to know 
thtit the mntter is well m:der way." 

(Signed.) Edw. A. Moseley. 



20 Proceedings Wt stern Railway Club 

As a result of this petition oi* the Atchison, Toi)eka & Santa Fi? 
Railway Company the Interstate Commerce Commission Issued the fol- 
lowing notice: 

At a general session of the Interstate Commerce Commission, held 
at its office in Washington, D. C, on the 6th day of August, A. D. 1903, 
in the matter of grab irons on locomotives: 

"Upon consideration of the petition of the Atchison, Topeka & Santa 
Fe Railway Company and the argument of the counsel for Petitioner and 
representatives of Associations of Railway Employes: 

"It Is ordered. That the time of the common carriers by railroads in 
the United States to comply with so much of section 1 of the Act of Con- 
gress of March 2, 1902, as requires the application of grab irons to the 
front end of locomotives and sides of locomotives near the front ends, be 
and is hereby temporarily extended to the 15th day of October, 1903." 

The Executive Committee of the Association, at its meeting on August 
10th, named as a committee to take up the whole subject, Messrs. C. H. 
Quereau, of the New York Central, W. S. Morris, of the Erie, and Jas. 
Milliken, of the Pennsylvania Railroad Company. As to what course 
the Committee will adopt in handling it, whether it will immediately 
recommend a practice which it considers safe, or jwrhether it will await 
the hearing before the Interstate Commerce Commission, I am not advised, 
but the committee feels that a full discussion before the various railway 
clubs will be of considerable value to it, and to this end it has been 
deemed advisable to discuss it at our first meeting. Some of the points 
suggested for discussion are: 

1. What is the best arrangement of uncoupling device which will 
prevent the necessity of men going between the cars and locomotives 
in uncoupling? 

It appears to be the consensus of opinion on some of the far West- 
em roads that uncoupling rods on front ends of locomotives are not re- 
quired, as it would be a difficult mutter to make them applicable to the 
various styles of front end couplers. 

2. Is it a safe practice to equip the pilots of locomotives with steps 
and grab irons? If- they are so required, is it not an incentive to em- 
ployes to ride on the pilots, which practice is considered by motive power 
men as dangerous and unnecessary? It is suggested that the intent of 
the Interstate Commerce Law relating to this subject is to provide s«ife- 
guards for employes when necessarily engaged in uncoupling cars and 
locomotives. If the practice of riding on pilots is dangerous and un- 
necessary, is it not contrary to the spirit, although in accordance with 
the letter of the law? 

3. The length of time necessary to equip your locomotives after n 
suitable device has been i pcommended.'' 

In this connection 1 have had a good deal of corrospoudence with 
the members of the Master Mechanics' Association which shows that tliero 
is a great diversity of opinion as to what the law requires, and without 
asking permission from the members I will quote from some of the let- 
ters to show that on account of the ambiguous manner in which tlio 
act is drawn, it is difficult to confoiin to its requirements: 
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A member in the extreme South writes: 

"In the matter of handholds or grab irons as applied to locomotive 
tenders, I am somewhat mixed and write to ask just what is required 
to comply with the law. I have looked over what literature I have and 
failed to find anything and thought possibly you could tell me where to 
look for what I want. In looking over cuts of recent locomotives I ob- 
serve a vertical handhold on the rear corner of most of the tanks, and a 
step. Does the law require these handholds and steps? In looking over 
the subject of cars it is plain enough, but it is not clear in the require- 
ments for tenders." 

A member in the far West writes: 

••I presume you are familiar with the circular and letter issued by 
Mr. Mosely, Secretary of the Interstate Commerce Commission under date 
of the 15th inst., relative to the different railroads conferring together, 
and with the employes, as to the most desirable location for handholds 
on front ends of locomotives and rear of tenders. 

"In this connection do you not think it advisable to suggest to the 
Executive Committee of the Master Mechanics' Association that they 
consider meeting in conference with the head representatives of the Con- 
ductors' and Trainmens* Brotherhood and together decide on the adop- 
tion and location of handholds that they can recommend as standard, so 
that we may all get them as near alike as possible. Should they consider 
doing so it should, of course, be done as quickly as possible, that we may 
get this information at the earliest time practicable, thereby permitting 
us getting the handholds applied within the presci'ibed time. 

There seems lb be some doubt as to whether or not the law requires 
uncoupling rods on front ends of locomotives. It appears to be the con- 
sensus of opinion in this part of the country that they are not required. 
From Inquiry made of our connecting lines, they do not contemplate 
applying them, and it would be a diflftcult matter to make them applicable 
to the different style of front end couplers. For instance, as a matter of 
safety on our line, we use a disappearing coupler on all our passenger 
engines. One of our connecting lines uses the Leeds coupler, on both 
of which the knuckles are an integral part of the coupler and conse- 
quently do not open. 

"Possibly the Master Mechanics' Association has already made its 
suggestions covering this. If so, I would appreciate it very much if yon 
would furnish me a blue print thereof." 

A member in the Northwest writes : 

**If, as I understand it, side grab irons on cars are for the purpose of 
assisting men in getting on the cars and men are not expected to get on 
engines and tender from the side, I do not see any need of having side 
grab irons on engines and tenders, nor do I see how they can be located 
on the side of engines so as to be of any service. End grabirons, I un- 
derstand, are to provide a means for men to hold on while operating 
couplers, and it seems to me that in the case of engines and tenders, 
if the uncoupling rods extend all the way across and are properly located, 
they would serve as a perfect substitute for grab irons niul that it shou'd 
not be necessai*y to apply any grab irons to engines and tenders which 
have uncoupling rods extending the full width." 

Another member in the Northwest advisos: 

"We have heretofore put steps on the sides of pilots and put ordinary 
car grab irons above same on top of pilot running lengthwise of the 
bumper beam. I am not in favor of this arrangement, however, and 
wish something could be done to interpret the Act of Congress in a differ- 
ent light from the one taken by the Interstate Commerce Commission, 
as there is no necessity for an employe riding on the pilot of a road 
engine: he is not called there to perform any duty, and I think it 
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wrong aud misleatliiig to place steps ami ^rab irons oi> the pilot for the 
purpose of any one holding on, and would like to be able to remove 
them from all of our engines/' 

Several of the members of the Western Hallway Club, who could 
not be present at the meeting, have submitted plans showing what 
they are doing, or propose doing, in order to comply with their under- 
standing of the requirements of the law, and these are submitted as a 
part of the discussion: 

Mr. Lovell of the A.. T. A S. F. Ry. writes: 

*'Referring to your circular letter relative to the meeting of the 
Western Railway Club to be held on September 15th., also to jour favor 
of September 12th, I am enclosing herewith blueprints (Plate A) showing 
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Plate A 

the arrangement of grab irons, etc., to the rear end of our tenders and 
also grab irons which are proposed to be applied to the front ends of 
locomotives, fulfilling tlie requirements of the law. We have already 
applied the grab irons and uncoupling levers to the rear ends of tenders. 
The grab irons at the front ends of engines liave not yet been supplied, 
but it is proposed to apply them soon imless some information is received 
from the committee of the American Railway Master Mechanics' Asso- 
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ciatioii, which has this matter in hand, that will iniluco us to chan^^e our 
views. It is the view of the managemeut of our road that j;rab irons 
on the fronts of engines are an element of danger instead of safety^ 
as thoy have a tendency to induce brakemen and others to walk in front 
of engines when they would not do so if the grab iron was not there. 
We do not have steps on the pilots of our road engines, and we object 
to them on the same grounds as the grab irons, that they would have 
a tendency to induce employes to go in front of the engines and 
ifpDu the pilots. The law requires grab irons, and we consider that the 
arrangement shown by our drawing, enclosed herewith, will fill the 
requiromenlsr of the law." 
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Pl.ATK B 

:Mr. 11. S. Ih-yaii, master mechanic, Duluth & Iron Range Railroad, 
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"I am 111 receipt of your circular, dated September 3rd, saying that 
tlie first Fall meeting of the Western Railway Club will be held Tuesday, 
September 15th, and that as a 'topical discussion' the question of 'Appli- 
cation of Grab Irons, etc., to Engines and Tenders' will be taken up. 

"As I cannot be present at this meeting, I enclose herewith blue- 
l)rlnts (Plates B & C) showing Standard Pilot and Tender Couplere. by 
which j'ou will see that the uncoupling levers are intended for and used 
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as, grab irons on front of engines and rear of tenders, as well as for 
uncoupling levers. 

••Since adopting this as a standard, we were assured by one of the 
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inspectors for the Interstate CJommerce Commission that it filled all 
requirements as a grab iron on front of engines and rear of tenders." 

(It will be noted that the device used by Mr. Bryan meets the ap- 
proval of one of the inspectors of the commission as complying with the 
law.) 

Mr. W. C. Arp, superintendent motive power, TeiTC Haute & Indian- 
apolis Kailroad Company, advises: 

"I am enclosing you blueprints, 2570-A, locomotives, arrangements of 
steps and grab iron on pilot, and 2491-A, location of handholds on tenders. 
(Plates D & E.) The enclosed prints show the plans we are following 
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in the roundhouses to have all of our engines equipped by October 15, 
1903. It is our understanding that this fully complies with the law. 
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It is not, however, the iirranKi*nient we propose to adopt as our staiularcl. 
We will be fjoveriieil, so far as it is pnicticable, by the Pennsylvania 
lines' standard, and propose, when the matter is definitely settled by the 
Master Mechanirs' committee, to e^iuip our engines with permanent re- 
Ipase riffffinf? and hmdhold for lo(M)niotives and tenders. Our pre.-it'iit 
fittings are oiily temporary/' « 
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Mr. (iarslnnji:, of the \\\v^ Four road, writes: 

"I have your favor of tlio 12th inst, advising that the Western Rail- 
way Club meeting Avill be held on 8eptend)er 15th, at which time the 
question of grab irons applied to locomotives and tenders to comply with 
the Safety Appliance Act will be discussed. I would like very much to 
attend this mec^ting, but on account of previous engagements, will bo 
unable to do so. 

**The amendment of March 2, 1903, to the act pertaining to grab 
irons on locomotives and tenders, is so loosely drawn as to be somewhat 
ambiguous on the question of the recpiirements concerning grab irons on 
locomotives. 

"Our General Counsel has written Mr. Moseley, secretary of the 
Interstate Conmierce Commission, asking him if the commission has 
construed the amendment of IMarch 2, 1903, to the Safety .A')pliance Act, 
to require grab iron on locomotives. It occurs to our Gereral Counsel, 
from a careful reading of this act, that the amendment was for the 
purpose of extending the original act to the territories and the District 
of Columbia, and not for the purpose of requiring grab irons on loco- 
motives, to which, up to this wilting, he has not received a reply. 

"The subject is not understood by any railroad man with whom I 
have talked. In a letter I received from Secretary Moseley, dated August 
15, he states that at some convenient date, prior to October 15, 1903, the 
matter will come up for further hearing as to the time necessary to 
en.'ible proper compliance with the statute in this respect, and of that 
hearing due notice will be given through the public press, or otherwise, 
as the commission may determine. 

"tt seems to me that the matter of placing grab irons on locomotives 
and tenders and the location of same cannot be fullj' decided until that 
meeting. I think the action of the Western Railway Club in introducing 
the subject to be discussed at their next meeting is a good one, and no 
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doubt will enlighten the commission, as well as the railroad companies 
as to what had better be done in .the premises. 

"Personally, I believe it would be a mistake and a Tlangerous practice 
to fit up locomotives? with steps and grab irons, other than those Used 
continually in switching service. It has always been the policy of the 
Big Four Company to discourage men from jumping on and off engines 
when in motion, and an ene,ine equipped with grab irons and steps will 
be an incentive, we believe, to encourage this practice." 

Mr. F. H. Clark, S. M. P., C, B. & q. R. R., writes: 

••Referring to the recent amendment of the Safety Appliance act, 
extending provisions in reference to safety appliances to include engines* 
and tenders, I am of the opinion that grab irons, steps, etc., on front ends 
of engines are not desirable. I do not want or expect our men to ride 
on pilots, and do not think that we ougl^t to encourage them in doing so. 
Further, I am inclined to think that grab irons and steps should be 
omitted from the sides of tenders, except at the gangway at the front 
of the tender, where something of the sort, of course, is required. Our 
tanks are nearly as wide as clearances will allow, and I believe in the 
interest of safety that any steps or grab iron applied to tenders should 
be at the rear end. 

"It is quite important that some agreement be reached in regard to 
this matter. 

"We have attempted to apply the recommendations of the M. C. B. 
A<JSociation for the application of grab irons, etc., to freight cars, and 
we are not very well satisfied with the results." 

From the above it will be seen that it is the desire of the master 
nie: hanics of the various roads to comply with the law, as soon as the 
Interstate Commerce Commission decides what is required. It will also 
be noted, however, that there is an earnest protest against the applica- 
tion of grab irons to the sides of tenders and the front ends of road 
locomotives because of tlieir being a source of danger to employes rather 
than a safety appliance. 

I would like to say in addition that Mr. Quereau, the chairman of 
the committee of the Master Mechanics' Association, is very anxious to 
have as full a discussion as possible from the Western Railway Club, and 
to get the report of the discussion to him at the earliest possible moment 
so that he can make use of it in his conference with the Interstate Com- 
merce Commission. 

The President: This sul>ject retiuires rather speedy action, as I 
understand the Interstate Commerce Commission expects to have a meet- 
ing liefore October 15th and decide on these questions, providing it can 
get the committee's report in that time. We should like to hear from 
members on the subject. 

Mr. W. 0. Mexzel (Wisconsin Central Ry.) : I have been at a loss 
to know just Avhat to do on the grab iron question. Since hearing this 
discussion by others that are interested in this subject, I have come to 
the conclusion that the question of equipping tenders with grab irons, 
that is, merely the tender, is a simple matter. I should take it that 
if we apply the grab irons the same as they are applied to flat cars, it 
will comply with the law, and I do not see anything about the uncoupling 
h vers of drawbars but what can be arranged the same as on fl:it cars, but 
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it seems to me that with the front end of the locomotive it is altogether 
a different proposition, and it is really one that should be decided by the 
legal department of the road^, they to say what should be done, because, 
when we put a grab iron on the front end of locomotives, we encourage 
men to Jump on the front end and put themselves in danger, and it seems 
to me it would be a point for the legal department of the roads to take 
up. 

Mr. Quayle: I think it is rather late for the motive power depart- 

^nent of the Northwestern Railway to merely discuss this mattei*. We 

have about, or nearly, 1500 of our locomotives now equipped with grab 

irons. The law required that we should have it done by tlie first of 




8o(f^& hand cnfy Off 7hd ri<fhi^nakff hon'^ 
bKfc oT'^^ndtrs^fbr on back oT J^c/era ^ 



5; 



^- O/Vb ^OO no^ U3C<f fvAcr? 

'CncoupJina roe/ cn/cna's r/^h/- ffncf /c/Y. 




Mod f/ or? o^ (^/i9b /rons ^ear o^ 7e^c/cr fv/Z/touf P/^ot 



Platk F 

September, 1903, and it is hardly the time now to open the question 
whether we will do it or whether we will not do it. 

I And, too, that the counsels of the different railways, or some 
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of them, are at variance as to how it shall be done. Some of the rail- 
ways seem to think that we ought to have steps at the rear end of the 
tanks, and other railways seem to think we ought to have step ladders 
on the rear of the tenders. We find that on our switch engines, particu- 
larly where they are equipped with the ordinary rod for uncoupling pur- 
poses, that the switchmen take it and throw it around the yard; the 
next time the engine comes to the shop one is put on, but it is not long 
till it is gone again. 

It seems to me the Interstate Commerce Commission ought to con- 
sult the switchmen, or the leaders of the switchmen's organization about 
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this matter. They claim that when we bend the uncoupling rod 8 
inches below the sill that it is in the way and should not be there. 
I have here some blueprints (Plates F, G & H) which show the device 
on the Northwestern locomotive; it may be of interest and may not. 
However, a speaker at this convention has said that we ought not to have 
grab irons on the front end of the pilot. We have a short stub pilot 
on our locomotive, the automatic coupler attached to it, and then we 
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have two allele braceK, one oii racli side, and that nins ahnost parullel 
with tlie base of the pilot and tlie foot board of tlie pilot projects out 
about 5Mj inches from the outside of the slats, which given a place for 
the man to rest his foot, and this brace running parallel to the base of 
the pilot pives him an opportunity, alwa.vs, to hold on to that, if 
he is jumpinj; on, or if he is riding, to secure himself, and it being 
equally- distant from the base of the pilot, in reaching out his hands to 
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take hold, he always has the same length to reach on any part of the 
pilot, so that in that way it is somewhat of an advantage, but we have 
no grab iron other than that on the pilot, and we think it Is not neces- 
sary to have others. 

We try to discourage our men, as far as practicable, from riding 
on the pilots, and I think that we have a rule on the road that J.ialn- 
nien and switchmen shall not ride there, as we think it not a good place 
for them to ride; we do not wish to encourage it at all. 

This blueprint also shows the grab irons on the back end of tl»e 
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tender. The WK-ouplinj? rod on the back end of the tender extends to 
, the right and left side on the rear end of the tender, and that acts as 
grab iron for the man who wishes to use it. We have no step, how- 
ever, on the back end of the road tenders, but on the front end of the 
switch engines we have a rod, or pipe, rather, that runs clear across, 
and the same is true of the back end. 

I do not know that I can say very much more about this. The 
blueprints will show for themselves just what we are using, and I 
would like to have this introduced in the paper, if you think it would 
be well to do so. If there are to be any changes from that, we will have 
to change practically all of our locomotives. The first notice I had was a 
letter from Mr. Mosely, of the Interstate Commerce Commission, calling 
my attention to the fact that I was one of the committee, and that he 
would like to hear from me on the subject. I took the matter up with 
Mr. Quereau, and Mr. Quereau tells me he has practically done nothing 
about it as yet, and he has only become interested in the matter within 
the last few days; the letter was dated September 5th. I presume the 
commission will probably extend the time sufficiently to allow us to give 
the matter considerable thought, and that the motive power departments 
of the railways may be enabled to adopt a standard, or as nearly so as 
they can. 

AVe are not in favor, on the Northwestern railway, of having grab 
irons on the sides of engines, nor on the sides of our tenders; we think 
they are very bad things to have. They get them out beyond some- 
tinus, where men are not looking for those projections, outside of certain 
fixed points on the tenders, and if they are, they are likely to get hurt, 
and we think such constructions are ratlier more d mgerous than they an* 
helps in the way of safety. 

Mr. J. A. (Urnky: The practice on the C, B. & Q. for a number 
of years in reference to tlie end of tenders has been to have two gi'ab 
irons; one on each side of the coupler, and the customary pin lifter. 
The Master Mechanics' instructions to equip tenders the same as a 
flat car is equipped, is very easily done, but it can be done in such 
a way as to render the safety appliances absolutely dangerous, although 
complying with the law. We have received instructions how It should 
be done, and in looking at one of our jiewest tanlis eciuipped accord- 
ing to instructions, I found that the outside siil was some ten inch<»s 
inside of the edge of the tank body, and if we were to put on a 
foot hold on the sill, as the drawing indicated, it would be almost imi)os- 
sible for a man getting on the t?ink to rea<h the foothold. The instruc- 
tions, so far as I am able to sej', tiiat have been furnished by the 
Interstate Commerce ronnnission. simply say we want safety appliance, 
but they do not say how saf(» th(»y should be. 

It is my opinion that the grab irons on the front end of the locomo- 
tive, or on the side of the tank or where they will allow the tnilnmen 
or enginemen to get on to a road engine at any place other than the 
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f^ung way at the cab are dangerous. We have equipped one or two 
engines at odd times that have been used in way-freight and switching 
work, with side steps, and we found them very convenient on branch 
lines, but we always felt that they were not perfectly safe. 

It Is my opinion that the less places there are to get on an engine 
or a tank outside of the gang way between the cab and tender, where 
a man is supposed to get aboard, the better we are off. 

Mb. p. H. Peck (C. & W. I. R. R.) : I am not bothered with any en- 
gine pilots. I have, on the switch engines that we use, steps and hand 
rails on both ends of the engine, but none on the side, for the reason, as 
Mr. Quayle states, some of the clearances are very close, some telegraph 
poles and interlocking signals are very close, so that a man riding there 
and not paying any particular attention, might get knocked off, and we 
have always considered side steps dangerous. We have even taken off the 
tender steps and mad^ them higher, so that a man could not ride low 
down. Where locomotives are equipped with pilots, I do not see why it is 
necessary for a man to get on between the pilot and car on any occasion, 
where you have your unlocking devices come out to the end of the pilot 
beam. With the old-fashioned drawbars, when we had these old push 
beams, they had to get on, but now there is no occasion, and that is 
verified by the fact that the drawbar and knuckle is cast in one piece; 
it shows a man has no reason to go in between there. 

Mb. Babnum (C, R. I. & P. Ry): This matter has come to the 
attention of the mechanical department of the Rock Island road, the 
same as other roads^ and our mechanical engineer, Mr. Seley, and I have 
checked the engines up very carefully, both on our blue prints and in the 
roundhouses, and after looking them over thoroughly, we have come to 
the conclusion that there is no real necessity for grab irons on either the 
front or the back of the engines, or for an uncoupling rod for the pilot 
coupler, although we have made blueprints (Plate I) showing how they 
can be best applied to our engines, and will submit them to the 
secretary for his records. (See opposite page. ) 

We have come to the conclusion that these devices will add nothing 
whatever to the safety of enginemen or trainmen in sers^ice, and if we 
are eventually required to apply them, it will simply be to comply with 
the law, and not because we think them actually necessary as a means 
of increasing the safety of our employes. 

Mb. Menzel: I w^ould like to ask a question. What if our draw- 
bars on our locomotives are made solid; If this were done I do not 
understand that we would comply with the law. My understanding is 
that the couplers on locomotives must be automatic, the same as on 
cars. It sometimes becomes necessaiy to couple two engines together, 
and this could not be done if couplers were solid. I do not think that 
we can get around that point, that we must have automatic couplers 
with uncoupling levers, but I do not think it is going to be in the 
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interest of safety to put grab irons and coupling levers on the front of 
locomotives. 

A Membeb: I would like to say on that subject, that I do not think 
there is any difference of opinion about the necessity for an uncoupling 
rod at the rear of the tender, so that engines coupled one to the rear 
of the other would have an uncoupling rod on the one engine; it is Im- 
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possible to couple two road engines together where they are fronting each 
other. 

Mr. Babnum: Our road engines are equipped with uncoupling 
rods, both on the back of the tender and on the front end of the engine. 
These uncoupling rods are arranged so that they can serve as a grab 
iron, as they do on a freight oar. Wo do not put any grab irons on the 
sides of our tenders, nor steps on the sides of our engines, outside of 
the regular steps and grab irons that are between the engine and tho 
tender. When you look for the i-easons for the law eoiupelling the use 
of grab irons and steps on the sides of freight cars, you can see very 
well why they are necessary; the trainmen have to get on the top of those 
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trains at all times and at all places, and they serve a useful purpose, 
but on an engine that is already equipped with steps and hand holds 
to get in the gangway, I cannot see any necessity for any other grab 
iron or steps on the sides. 

The Secretabt: The Illinois Central Road has submitted a draw- 
ing showing their method of applying grab irons and pin lifters to 
the rear of tenders. It will be shown in the proceedings. (Plate J.) 
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Mr. C. a. Seley (C, R. I. & P. R. R.): 1 do not know whether 
it is wise or not, but I am going to make a suggestion, and as a test of 
the sense of this meeting, I would move that a resolution be framed 
and voted upon by this club, to be sent to the committee, expressing 
the sentiments of this club essentially in the form as stated by Mr. 
Barnum, that this club does not believe that it is advisable or necessary 
to equip the front ends of locomotives with grab irons as safety ap- 
pliances. We have no objection to the equipment of the back end, if it 
is in conformity with the action of the Master Mechanics' Association, 
but so far as the front end is concerned, we believe that grab irons are 
not advisable or necessary as safety appliances. I will make that as a 
motion, that such a resolution be framed. 

Seconded by Mr. Menzel. 

Mr. Quayle: I think Mr. Seley will accept the additional words, 
*'and on the sides of tanks.'* 

The Secretary: The motion and amendment, as stated by Mr. 
Seley and Mr. Quayle, is that this club does not believe it is advisable 
or necessary to equip the front ends of locomotives, or sides of tanks 
with grab irons as safety appliances. 

Mr. Seley: That of course takes into consideration the fact that 
the front ends of our engines are now equipped with signal holders 
and in many cases, as Mr. Quayle says, with braces to couplers and other 
arrangements that a man may lay hold upon in getting upon the front 
end of the engine if it is necessary. We wish to discourage that as 
much as possible, and believe that all the needful attachments for a 
man to use are there provided, but these additional hand-holds or grab 
Irons are inadvisable. 
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The President: Is there any further discussion on this motion? 

Mb. Peck: I thinii it would make that resolution more clear if it 
Avould state, ''locomotive equipped witli pilots." A great many engines 
iwe not equipped with pilots. 

Mb. Seley: I think that the words "road engine" will cover that. 

Motion was then put to vote and carried. 

It was moved by Mr. Quayle that the discussion be closed and that 
the meeting adjourn. 

Mb. S'eley: I did not, in putting my motion, mean to have the 
matter closed before proper provision was made for the framing of 
the resolution, and I merely put my motion as a test of the sense of 
the meeting. Of course it is for you to decide whether the motion shall 
be framed by the secretary, or sent in the form that it is at present. 

The President: The secretary will take care of the resolution. The 
motion is that the discussion be closed and that we adjourn. 

Adjourned. 



80 TKot r.KiuN<;s Wkstfkn Railway Club 



The David L. Barnes Library 



Special Notice. 

The David L. Barnes Library of this Club, at 1750 the Mooadnock, Chicago, 
is open for the use of members and their friends, and we hope it will be used 
freely. It is open on week days from 9 a. m. to 5.30 p. m., except on Saturday, 
until 3 p. m. Books must not be removed from Library, but the Librarian 
will assist visitors in finding information and will promptly reply to letters from 
out-of-town members desiring information from the Library. Donations of books 
and technical publications will be gratefully received. 

Trustees of the Library. 
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The regular monthly meeting of the Western Railway Club was held 
on Tuesday, October 20, 1903, at the Auditorium Hotel at 2:30 P. M. Mr. 
M. K. Barnum in the chaUr. 

Among those present the following registered: 



Armit, J. L. 
Ault, C. B. 
Barnum, M. K. 
Bement, A. 
Bourne, G. L. 
Bower, J. C. 
Brooke, Geo. D. 
Brooks, P. R. 
Brown, J. Alex. 
Bryant, Geo. H., 
Bryant, W. F. 
Butler, L. E. 
Conger, C. B. 
Cushlng, Geo. W. 
DeRemer, W. L. 
Deverell, H. F. 
Doebler, C. H. 
Downer, E. N. 
Ducas, C. 
Dunham, W. E. 
Farmer, G. W. 
Fenn, Frank D. 
Fitzmorris, Jas. 



Forsyth, A. 
Forsyth, Wm. 
Gardner, J. W. 
Goss, W. F. M. 
Haig, M. H. 
Hill, J. W. 
Hinson, J. A. 
Hogue, 0. D. 
Hoover, A. E. 
Hubbell, Ira C. 
Keeler, Sanford. 
Kilpatrick, J. B. 
Kirby, T. B. 
Kuhlman, H. V. 
Linn, H. R. 
Long, J. H. 
Lovell, C. P. 
McAlpine, A. R. 
Midgley, S. W. 
Mileham, C. H. 
Mills. Geo. F. 
O'Neal, Thos. 
Otis, Spencer. 



Patterson, J. B. 
Peck, P. H. 
Perry, A. B. 
Pflager, H. M. 
Priseler, H. W. 
Royal, Geo. 
Setchel, J. H. 
Sherman, L. B. 
Shultz, F. K. 
Stocks, W. H. 
Sullivan, S. F. 
Taylor, Jos. W. 
Terrell, C. D. 
Throop, W. B. 
Thurnauer, Gustav. 
Van Alstyne, D. 
Vissering, H. 
Waggoner, W. B. 
Wickhorst, M. H. 
Wilson., G. L. 
Winslow, H. L. 
Woods, E. S. 
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The meeting was called to order by the Secretary. 

The Secretary: Mr. Crawford, the President of tlie Club, is out 
with the officers of his road on annual inspection and cannot be with us 
today. Mr. Parish and Mr. Carney, the Vice Presidents, are both out of 
town, so I have asked Mr. Barnum, Supt. M. P., Rock Island road, who is 
a member of the Board of Directors, to preside over the meeting toda^ 

The Chairman: Gentlemen, the Secretai-y has called the meeting 
to order. The first business to be transacted will be the approval of the 
minutes of the last meeting. These have been published, and if there 
are no objections, they will stand approved as printed. The Secretary 
has some announcements to make, I believe, in regard to membership. 

The Secretary: 

Membership, September, 1903 1,057 

Resigned 2 

Dropped, Mail Returned 10 12 

Total 1,045 

New Members 13 

Reinstated 2 15 

Total Membership 1,060 

NEW IMEMBERS. 

name. occupation and ADD^pK PROPOSED BY 

Geo. Goodrich, R. F. E., C, B. & Q., Creston, Iowa A. S. Wilson. 

W. R. Toppan, Manager Railroad Department, Kennicott 

Water Softener Co., Chicago, 111 Jos. W. Taylor| 

G. L. Dillman, C. E. Western Pacific Railway, San Fran- 
cisco, Cal J. W. TayJor. 

J. G. Crawford, Special Apprentice, C, B. & Q. R. R, Aurora, 

111 J. A. Carney. 

W. H. Williams, Asst. to General Manager, B. & 0. R. R., 

Baltimore, Md F. W. Busse. 

F. W. Herbert, Draughtsman, L. E. & W. R. R. Co., Lima, 

Ohio W. White. 

W. H. Coats, Loco. Engineer, 111. Cent, Chicago, 111 .'.R. N. Coats. 

B. F. Haller, Iowa Central Railway, Iowa Falls, la. R. N. Coats. 

A. L. Guilford, Manager Ajax Manufacturing Co., Chicago 

111 C. H. Doebler. 

Thos. Plunkett, Revere Rubber Co., and Detroit White Lead 

Works, Chicago, 111 8. Keeler. 

J. B. Kilpatrick, Asst. of M. P., C, R. I. & P. RY., Chicago 

111. ; M. K. Barnum. 

Thos. O'Neal, Gen. Boiler Insp., C, R. I. & P. Ry, Chicago, 

111 M. K. Barnum 

T. H. McGoff M . M. A., T. & S. F. Pvv, Ft. Madison, la A. L. Beardsley. 

The Chairman: If there is no other new business to come before the 
meeting, the next on the program will be the reading of the article on 
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'TLeaky Fireboxes," by Mr. T. S. Reilly, Associate Editor, Railway and 
Engineering Review. 

Mb. Reilly: In order to get through with this as qiiiclily as possi- 
ble, I will read what few remarks I have to open with. In the first 
place I want to say ,1 have no idea of attempting to point out how 
to build a boiler which will not leak. Neither are such examples as are 
used in the paper held up for criticism. The particular examples were 
selected from a great number available, solely because their sizes and 
relations to their engines made them most readily comparable— all being 
typical examples of their several classes. I have taken a look back over 
past practice and have made a comparison of it with that of the present, 
and the conclusions upon the results of which are embodied in the paper 
before you. The work of this review and comparison was lessened through 
use of the formulas and recommendations prepared by Mr. G. R. Hen- 
derson, which are embodied in the 1897 M. M.'s proceedings, and sis a 
criticism already made upon the present paper indicates an impression 
that these formulas have been outgrown, it may be well to coucJider 
them a moment. These formulas, with their constants are based upon 
the work performed, and their correctness in covering the practice in 
use at the time of their presentation cannot be and never has been 
questioned. As their application is based on cylinder volume, however, 
it has been advanced that they are in need of modification. This may 
be done by modifying the constants, but personally I do not think 
even this is necessary, for we have merely increased the steam pres- 
sure instead of the cylinder volume, in practically an exact proportion. 
For instance, take a locomotive with 21 x 28 cylinders, whose boiler 
carries the 140 pounds of steam of the old practice. The formulas 
quoted would call for a boiler for such an engine, whose total heating 
surface would be 2,180 square feet,, and a grate area of 36.1 sq. ft. In 
increasing the size of this locomotive, say 42 per cent., by modern 
practice, we raise the steam pressure to 200 lbs., or an increase of 
about 42 per cent over 140 lbs. Increasing the heating surface and 
grate area obtained by the formulas just mentioned, by 42 per cent, we 
will have the 3,096 sq. ft. total H. S. and 51.4 sq. ft. grate area, which 
Is typical of a modern example. In the old way we would have retained 
the 140 lbs. steam pressure and merely increased the cylinders 42 per 
cent, which would give us 25 x 28 ins. cylinders. Applying tlie form- 
ulas to these cylinders, we will find that they call for the same 
size of boilers and grate area to siTppIy the 25 x 28 cylinders at 140 
lbs., as we use at present with 21 x 28 cylinders at 200 lbs. steam 
pressure. The 42 per cent, less diameter of cylinder used with the 
modern boiler w^ill require 42 per cent, less volume of steam, but in 
raising the pressure of the steam 42 per cent, higher in order to use 
the smaller cylinder, we must put a greater quantity of heat into the 
water which makes the steam, and while the greater amount of heat 
may not amount to 42 per cent., yet the performance of the modern 
boiler indicates the amount is not enough less as to vitiate the appli- 
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catiou of the formulas to present practice by observing the percentage 
of increase in steam pressure. This is my reason for believing I am 
correct in basing the comparisons upon the '97 formulas. 

What personal locomotive experience I have had has been mostly 
in bad-water districts, where all boiler weaknesses are so aggravated as 
to become quickly apparent. So far as my observation has extended I 
can hardly believe that the excessive "tenderness," if one may so 
express it, of the modern boiler, is due solely to the high steam pres- 
sure, for narrow-box boilers carrying the same steam pressures appear 
on the whole to be less susceptible to the abuse and poor workmanship 
we hear so much about — although neither of those types of modem 
boilers will stand this abuse to the extent the older types do. Yet 
the form of the narrow-box b'^iler would seem to offer a circulatio» 
more defective than in the wide box, and the higher rate of combustion 
demanded of the narrow grate would seem to direct a more intense 
amount of heat upon the tube sheet, through the stronger draught re- 
quired. If, then, an apparently much more distorted shape of lK)iler 
gives less trouble than the apparently better shaped wide-box Iwiler, 
despite the same steam pressure, and the same amount of abuse from tlie 
roadmen and shopmen, wherein does the difference exist which is the 
cause of the trouble with them? The present paper points out the only 
appreciable difference observable, other than that of steam pressure 
(which in many cases is the same) and this difference is one which 
has of recent years been considered unimportant, I have thought that', 
in view of the present interest in the general subject, it might be well 
to draw attention to the point, so that by regarding the matter from a 
new point of view it may be considered whether it would not be well 
to return somewhat to a proportion of firebox heating surface which 
the older designers chanced upon with seemingly excellent results, in 
addition to our present efforts to afford a better water circulation and 
which is at present giving better results abroad than we are getting 
from our boilers in this country. 



Concerning Leaky Fireboxes 41 

CONCERNING LEAKY FIREBOXES. 

By T. S. Reilly, Associate Editor, Railway and EugineeriDg Review. 

The report of the committee on "Recent Improvements in Boiler 
Design," to the 1903 convention of the Master Mechanics' Association 
stated that: "boiler troubles have increased in proportion to the in- 
crease in size and steam pressure of boilers. The roads having very 
little trouble with old boilers are having very little more trouble with 
modern boilers, and those which have always had a good deal by com- 
parison, are having a good deal more with their modern boilers." 

If we take this admission that the older boiler gives less trouble, 
than a comparison with the newer one may develop other reasons for 
this increase in trouble than that due alone to the increase in steam 
pressure and size. Undoubtedly the increase in pressures has a tendency 
to aggravate boiler troubles, but that the mere increase in size should 
have such effect appears hardly reasonable, particularly as this increase 
in size is generally made through the adoption of the wide firebox, 
which would seem to produce a form of boiler that shunld give much 
less trouble in every way than the narrow box. The reverse, however, 
seems to be true in service of existing examples. In the discussion of 
the report cited a great variety of conjectures were advanced as to the 
reason for this greater trouble with wide boxes. The consensus ot opinion 
favored the view that faulty circulation, due in a groat measure to ex- 
cessive crowding of the tubes, was the principal cause, and a wider spac- 
ing of the tubes was advocated. 

While any improvement in circulation -will, of course, benefit any 
boiler, yet the comparison we have undertaken, may, by exhibitiug the 
cause for the required increase, enable us to reduce the occasion for it. 
The boiler which one calls to mind as giving the least trouble from 
leaking and most reliable in all respects, is the old deep firebox boiler, 
on an engine whose cylinder demands had not outgrown the relations 
set forth in the 1897 recommendations. For ordinary bituminous coal 
these were: 

Total heating surface = 205 Vt., whore Vt. = volume of both cylinders 
in cu. ft. 

Orate nren = 3.4 Vt. 

Tube length = 70 to 90 diameters. 

H. S. In firebox = 10 ^ of total 11. S. 

A typical modern boiler represents 30 to 60 per cent flat increase on 
these sizes,* with the exception of that portion of the total heating surface 
placed in the firebox, wliich has fallen to 5 per cent on an average and 



♦With respect to cylinder volume. Ronliy, howcvor, there is very 
little increase, as we increased steam pressures rather than cylinder 
size. 
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even less iu some cases. Our troubles are practically all confined to 
the firebox — the call for Increase of circulation Is from the firebox* yet 
the shallow leg in the modern boiler would seem to afford freer circula- 
tion. 

Is it not logical to presume then, that, aside from the increase in 
steam pressure, our principal trouble arises from the reduction in the 
per cent of total heating surface placed Id the firebox, which has accom- 
panied the widening of the grate. For it Is obvious that what one might 
term the "evaporative duty" of a square foot of fli*ebox heating surface 
will, with any fixed amount of grate area, be much greater in a box 
containing 150 sq. ft. than in one containing 200 sq. ft And a freer 
circulation will be necessary in order to enable this higher evaporative 
duty to be performed. If this freer circulation is not furnished the 
sheets will become overheated and the observed lealtiug and cracking 
is the result. Equally obvious is it then, that the most practical remedy 
would seem to lie in increasing the amount of heating surface in the fire- 
box to a percentage which would not demand so high an evaporative 
duty of tlie sheets, and an inspection of a wide range of examples would 
indicate that such a course would be merely a return to the proportions 
of firebox to total heating surface in general use a few years ago. 

Tliere seems to be a general impression that in the wide firebox we 
are using a larger grate in proportion to the boiler than in the past and 
that hence we are not requiring so high a rate of combustion per sq. ft. 
of grate area. Let us see! 

Take a 21x28 engine. Vt. = 11.225. 

Total H. S*. = 205 x 11.225 = 2301 sq. ft. 

Grate Area = 3.4 x 11.225 = 38.2 sq. ft. 

A modern passenger engine will have a total heating surface 50 
per cent larger than this, and a freight engine 30 per cent. For an 
example, assume 40 per cent: Then, 2301x1.40 = 3221 sq. ft. for total 
heating surface and 38.2 x 1.40 = 53.5 grate area— which will be seen to 
be a very usual example. The heavier boiler has given us more ad- 
hesive weight and by means of higher pressure we are doing more 
work with the engine, and since the relative proportion of grate area 
Is the same it will be noted that the rate of combusion per sq. ft. can 
hardly be much lowered. Where the trouble appears to ai'ise, however, 
with this new boiler is that but from 4.5 to 6 per cent of its total 
heating surface Is in the firebox, whereas the old boiler lind from 8 to 
10 per cent in the box, which the '97 report called for ns desirable. 

An inspection of the boilers on a couple of the last ten-wheelers 
built on the old style, with narrow deep boxes, extending.? down between 
the frames, reveals the firebox heating surface to compriso 9 p'^r cent 
of the total. In 36 locomotives of all types, built in the years of 1900, 
reveals 23 boilers having narrow fireboxes placed above the frames. 
The per cent of total healing surface in the firebox of these averages 
but 8.4, while the 13 wide boxes average but 6.5 per cent, counting in 
the heating surface of arch tubes. 
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Since that time the percentage of total heating surface placed in 
the firebox has been steadily reduced in both types, and to this fact 
alone would seem to be the reason for the call for a rapidity of circu- 
lation "Which it is hardly practical to obtain in a locomotive boiler. It 
may be argued that the Wootten boiler, burning anthracite coal, has 
not given so much trouble, and that it has been in service many years, 
its shallow box transmitting an equivalent amount of heat. An inspec- 
tion of 10 old-style Wootten boilers reveals a firebox percentage of 
7.9 per cent, 4 others, with combustion chambers, 10.6 per cent, 9 modern 
Woottens, 7.6 per cent, all of which is greater in amount than any of 
the bituminous-burning wide boxes. Though it may be said that there 
seems a tendency to stint the percentage of firebox heating surface in 
these boilers also, the results of which will very probably show up in 
as grievous a manner as is at present true of the bituminous-coal burn- 
ing examples. 

I would like to say in this connection, however, that as the water is 
very good in the districts where these Wootten boilers are used, the 
reduction of the amount of firebox heating surface will not work so 
much harm as would be in evidence in bad water districts. In fact this 
will be true of all boilers if we consider for a moment the detail of the 
difference of action between a good water and a bad water— the reason 
why a boiler which keeps tight in a good water district will immediately 
start to leaking badly if transferred to a bad water district. 

Aside from the matter of incrustation, a bad water expresses itself 
by a tendency to prime, or foam to a greater degree than is true of a 
good water. This indicates that it is what one might term lighter than 
a bad water— it boils away from the firebox more readily — does not lay 
up against the sheets like a good water does— indicating that the insulat- 
ing sheet of steam between the sheets and the solid water (where the 
boiler is being worked hard) is of a greater thickness or exists to a 
greater extent, with a poor water than with a good water. (The exist- 
ence of this sheet of steam between the sheets and the solid water has 
been proved on the Santa Fe in the well known gage cock tests.) The 
greater tliickness of this sheet of steam in a bad water means that the 
firebox and tube sheets are not kept so near the temperature of the water 
as is the case where a good water is used— in other words the sheets 
become hotter, are overheated to a greater extent— which expresses itself 
in a greater degree of expansion and greater distortion of joints (such 
as those of the tubes with the tube sheets or staybolts with the side 
sheets) which tension has been adjusted while the boiler was cold. Now 
when the engine is shut off after having been worked hard and the tem- 
perature of the firebox is lowered through the fire being allowed to die 
down, practice has shown that where the amount of distortion (conse- 
quent upon expansion) has taken place to the degree encouraged by bad 
water, there is not an entire return to the tightness of joint which existed 
previously and there is a consequent leakage. Or, in the case of side 
sheets these distortions express themselves in cracking. Hence where bad 
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wnter is uBod tberc is more nocossity for an amount of heating surface 
In the vicinity of tlie fire in order to reduce the intensity of duty which 
tends to force the water from contact with the sheets. 

I(ij?ht here the whole tiling may ))e sumniarlKed as follows: That 
in all cases where tlie lK)iler is worlicd up to near Its capacity, a layer, 
or sheet of steam develops l>etween the tirelM»x sheets and the surround- 
ing watrr. The thlclinesH of this sheet of steam determines the temper- 
ature to which the tirelMix sheets will attain above that of the surround- 
ing water. I'nder favoralile conditions this layer of steam Is so thin as 
to be of no i)ractical conseciiuMici* and the temperature of the firebox 
slieets will l)e liept to approximately that of the water. Where, how- 
ever, from any cause unfav<)ral»h» conditions permit the thickness of this 
layer of steam to increase, tlie firebox sheets will l>ecome heated to a 
considerable degree al>ove that of i\w surrounding water; the ultimate 
temperature attained depending entirely upon the amount of increase in 
the thickness of the layer of steam. The character of firebox defects 
proves this. 

The thickness of this layer of steam is incrreased by: poor water, 
poor circulation and an inadequate amount of heating surface, and since 
the heat is more intense as we approach the firebox, my contention Is 
that the amount of heating surface in the firebox itself is a factor. In 
other words, I believe that, using the same water in the B. & O. and 
Frisco boilers here noted, the tube and side sheets of the Frisco boiler 
will at times become heated to a considerably greater degree above that 
of the temperature of the surrounding water than in the case of the 
B. & O. boiler. The facts could easily be ascertained by inserting fusible 
plugs of various melting points in the side and tube sheets, and in 
obtaining from suitably inserted gage cocks the relative thicknesses of the 
steam layers mentioned. 

Amelioration of the defects would, of course, take the lines of pro- 
viding good water, better circulation and more heating surface — of which 
latter it is the object of this paper to induce a consideration as to whether 
most results would not be obtained by an increase in the firebox end. 

It might be of interest to quote a few examples of bituminous-coal 
burning boilers in line with the argument, as follow^s: 
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♦At 8.2 per ct. the first wide box would Ijave 2G2 square feet. At 6.85 per ct. the second 
Ide box would have 229 square feet, and the third wide box at 7.6 per ct. would have 219 
luare feet. 
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The first two will be observed to have the same size cylinders and 
boiler pressures, and have but slight difference in total weight. Yet, in 
increasing the total heating surface from 2462 sq. ft. to 3192 sq. ft, 
30 per cent, the firebox is cut down from 202 to 175 sq. ft., so that 
instead of a relation of 8.2 per cent of the total, it is only 5.5 per cent. 
At 8.2 per cent of the total it would contain 262 sq. ft., or 87 sq. ft. more. 

If we look at these two boilers from the '97 recommendations: Cu. 
ft. of two 20x28 cylinders = 10.181 = Vt. 

10.181 X 3.4 =34.6 sq. ft. grate area, and 10.181 x 205 = 2087 total 
H. S. 

As the total H. S. of the narrow box is 18 per cent greater than this, 
the grate area should be 34.6 x 1.18, or, 40.8 sq. ft. instead of 32.5, or 
the boiler has 8.3 sq. ft., less grate ^rface than it should have. This 
would indicate that the rate of combustion per s(i. ft. of grate surface 
would of necessity be very high, and in consequence the efficiency of 
the apparently high percentage (8.2) of firebox heating surface will be 
much reduced. 

On the otlier hand the wide box boiler is 30 per cent greater in 
H. S. than the M. M.'s recommendations— so that the grate area should 
be 45.1, whereas it is 51 sq. ft. or nearly 6 sq. ft. more than the recom- 
mendation. The percentage of heating surface in the firebox is so low, 
however, that it is doubtful if the 175 sq. ft. of H. S. in the box with 
the wide grate is not called upon to transmit a greater amount of heat 
per sq. ft. than is true of the 202 sq. ft. over the faster rate of com- 
bustion in the narrow box. For if we assume the combustive rate of 
200 lbs. of coal per sq. ft. of grate surface per hour over the 32.5 sq. 
ft. in the narrow box, we will have to burn less than 127 lbs. per sq. ft. 
per hour on the 51 sq. ft. of the wide box to produce any less amount 
of heat from this grate surface, while we have 27 less actual square feet 
of firebox heating surface with which to carry away this heat at these 
rates. So that, as the rate of combustion of the wide box engine is 
probably more than 127 lbs. per sq. ft. per hour, the evaporative duty 
of each square foot of firebox heating surface is probably much higher 
in the wide box than that of the narrow box, even under the latter's 
most forced conditions. 

It may be objected that these locomotives were designed for different 
services. Let us take the next two— both passenger engines designed to 
haul the same train, and of similar dimensions as regards leading par- 
ticulars of other than boiler capacity. In the narrow firebox (L. S'. & 
M. S.) the percentage of H. S. (6.85) placed in the firebox is consider- 
ably less than usual (8 to 9), yet in the wide box boiler even this small 
percentage has been greatly reduced, is actually 49 sq. ft. less in extent 
in the wide box than in the narrow box. Taking accepted limits, if we 
argue that the combustive rate which would be required of the 33.6 sq. 
ft. grate area of the narrow box boiler, to furnish the heating surface 
provided in the wide box boiler would be impossibly high, then equally, 
we can argue that the evaporative duty called for in the diminished 
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flrebox heat in g Rurfacc of the wide box is impossibly high. Again, 
taklnp:, say ISO l)>s. of coal per sq. ft. crrate area per br. as a desirable 
maximum in both onsoH and eonsidcT that tlio function of the grate is 
to provide an aroa on which to derive a required amount of heat from 
burninff of coal, if we find that the 6048 lbs. of coal per hour we are 
burning (at the 180-11). nite) on 33.6 sq. ft. of grate area, is not furnish- 
ing enough power and so decide to provide a grate area (48.5 sq. ft) 
which will burn 8730 lbs. per hour (at the 180-Ib rate), there does not 
seem to enter into the case any reason Justifying a reduction of the 
extent of tlie firebox heating surface, and for this extent to be the same 
over the wide grate would require 229 sq. ft. instead of the 151 sq. ft. 
which has been provided. At this point it may be remembered that con- 
sideration of arch-tube heating surface has been neglected, inasmuch as 
opportunity of its provision exists in both cases. Also the number of 
boiler tubes does not enter into the discussion, since they depend upon 
the diameter of shell, which can be made the same in both cases — ^the 
sole difTerence beinjr In the length, which hardly affects the firebox duty 
where we are considering the amount of heat produced in the firebox— 
the flue length concerns tlie amount of heat which Is gathered from the 
gases after having passed the firebox tube sheet. 

Considering these two boilers from the standpoint of the '97 recom- 
mendations we see that in the narrow box the total H. S. Is about 40 
per cent greater than that of the recommendations. This would then 
call for a grate area of 47 sq. ft.., and If the firebox in relation to the 
grate area accompanies this increase Its surface would then be 280 sq. 
ft. Instead of 200, and Its percentage of the total heating surface would 
then be 9.6. The wide box boiler is an Increase of 62 per cent over the 
recommendations— which would call for a grate area of 56 sq. ft. and 
a firebox heating surface of 321 sq. ft. at 9.6 per cent, or 229 sq. ft. at 
the present 6.85 per cent of the narrow box. It will here be observed 
that in this wide box the grate area provided is less by 7.5 sq. ft. than 
that recommended by the Master Mechanics— if we follow out the per- 
centage of increase in all directions, and it is the argument that in not 
having followed tliese proportions we have got the proper relations so 
distorted that we are liaving trouble as a result of the unbalanced 
design. Also, it will be noted, that since the grate area is not anj 
increase over the recommendations, but is really less in extent, it 
cannot, therefore, be considered that the rate of combustion has been 
decreaped. Except in that the larger boiler will not be called upon to 
work as hard to supply the cylinders. But as tlie work these boilers 
are being called upon to perform is greater than can be obtained from 
the smaller boilers, it is reasonable to suppose the boiler and its grate 
area (and consequent conibustive rate) is worked at present (especially 
in winter) just as hard as was the smaller boiler, which proved not to 
be big enough for the calls upon it. 

Another interesting comparison exists in the third pair presented— 
of locomotives designed for fast freight service and occasional passenger 
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service— In which the cylinders and steam pressures are exactly the same 
and the boilers of almost exactly the same amount of total heating sur- 
face. Offhand, it will be noted that the same boiler on the same engine 
in one case contains 213 sq. It. of firebox H. S., while in the other only 
141, so that the latter box has been diminished 72 sq. ft. in providing 
the wider and larger grate area. As the same duty is expected, the 
same amount of coal must be burned to provide the necessary amount 
of heat from which power is derived, yet the extent of the tirobox sheets 
through which the same amount of heat must pass is 72 sq. ft. less in' 
one case than in the other. Is it not fair, then, to assume that the 
sheets in the wide box will get much hotter than those in the narrow 
box— under the same conditions of circulation— and hence evidence the 
result of such greater heat range in distortion, "which shows up in leak- 
ing tubes, seams and staybolts, cracked sheets and excessive breaking 
of staybolts? 

In regarding these two boilars in pai'ticular we will first note that 
the compound cylinders are equal to 21x28 simple cylinders, and that 
these, under the '97 recommendations, call for 2301 sq. ft. total heating 
surface and a grate area of 38.2 sq. ft. The narrow box boiler in this 
case is 22 per cent and the wide box 25 per cent greater in total heating 
surface than the recommendations. This would call for a grate area of 
46.6 sq. ft. in the B. & O. boiler and 47.7 sq: ft. in the 'Frisco boiler. 
So that in neither case is the grate area up to the amount desired in the 
recommendations. If, in the B. & O. boiler we were to raise the grate 
area to the recommendations of 46.6 sq. ft. and provided the same ratio 
of firebox H. S. over this increased area we would have a firebox H. S. 
of 260 sq. ft., which would then be 9.3 per cent of the total H. S. This, 
in the case of the 'Frisco boiler, even not raising the grate area to the 
recommendations, would call for 268 sq. ft. H. S. in the firebox. Even 
providing for the proportion in evidence (7.6 per cent) with the B. & O. 
boiler, the 'Frisco boiler should have 219 sq, ft. in the firebox, or 78 sq. 
ft. more than at present. 

CONCLUSION. 

In the 1902 Master Mechanics' proceedings a report dealing with 
boilers states: "The important relations in boiler design are those between 
the power and total heating surface, between the total heating surface 
and grate area, and between the power and grate area." Al§o, "The ratio 
between tube heating surface and firebox heating surface is of no par- 
ticular value, as grate area controls it to a large extent." 

Non-consideration of the ratio of firebox to total heating surface, as 
unimportant and unobtainable, would seem to partake of the nature of a 
snap-judgment, for it is obviously useless to provide a grate area that 
will produce a certain amount of heat, if we do not at the same time 
provide an amount of firebox heating surface which a practical circula- 
tion will keep from becoming overheated. And the character of the 
complaints against the wide boxes would appear to prove that the lower- 
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ini? of the porcontnpTG of flrobox to total heating surface baa been carried 

1k»Iow (loHira)»Io limits In thoso liollore. 

It is Iho ol)joot of thiR pniKT to propont thin view of the matter and 
thoroby mil out disruBAlon of tho point. If It In decided that the reason- 
ing is correct -that the porcontnpo of total liontlnf? Rurface placed in the 
firebox is important, then the matter of providing a proportion which 
will tend rather to 10 per cent tlian tlie pn»Hent tendency to 5 per cent, 
while retainin/; the wide firel)ox that enables tho desirable area of grate 
to be provided— is a subject which can be taken up by more competent 
hands than the writer's. It can be done— the how is a matter of indi- 
vidual Ideas. 



The (;ii.\ikma\: You have heard Mr. Reilly's paper and he has 
made some comm(»nt as h(» has read the paper, which is certainly good 
material for thoujrht, and I trust it will i)rove so for discussion. Mr. Van 
Alstyne Is a member of the Comniittee on Boiler Design, I believe, and 
we would be i)leased to hear his <*omments on the paper. 

Mr Van Alhtyxk (C. (i. W. Ky.): As a member of the committee 
that made the boiler desij;n report last year, from which the author 
has quoted to some extent and drawn some inferences, I want to call 
your attention to one or two points. He says, comparing tlie troubles 
that wide fireboxes jrive with those of narroAv fireboxes, that the wide 
fireboxes give the most trouble. (^u(»stlon 12 on page 14 of the com- 
mittee's report was "Do you hive less firebox and flue troubles with 
wide grate boilers than narrow?" 

Seven say *'Yes," eight, no: no appreciable difference. 

The answers, Avhich came from all over the country, indicate that 
there is less trouble with wide firebox than the narrow. 

In the second i)arajrraph, page 2, he says, "Is it not logical to pre- 
sume then, that, aside from the increase in steam pressure, our princi- 
pal trouble arises from the reduction in the per cent, of total heating 
surface placed in the firebox, whicrli has accompanied the widening of 
the grate'?" I do not think it is f;iir to assume that. There is not any 
question, from the work that the committee did, but that the high 
pressure narrow firebox of equal capacity and steam pressure as the 
wide firebox gives a great deal more trouble from cracked side sheets 
and broken stay bolts. 

Prof. William F. M. Goss (Purdue University): What is that? Will 
you kindly state that again? 

Mr. Van Alstyxe: I said that the narrow fir(bcx, say the 42-jnch 
grate on top of the frame having equal capacity to that of the wide 
firebox, is much more troublesome than the wide firebox. 

A little further down the paper says that "If this freer circulation 
is not furnished, the sheets will become overheated and the observed 
leaking and cracking is the result. Equally obvious is it then, that 
the most practical remedy would seem to lie in increase in the amount 
of heating surface in the firebox to a percentage which would not 
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demand so high an evaporating duty of the sheets, etc. As I under- 
stand it, the amount of heat transmitted to the water surrounding a 
firebox is proportioned to the difference between the temperature in 
the firebox and the temperature of the water. Any firebox will evapo- 
rate water in proportion to its surface and whatever heat that firebox 
cannot transmit to the water, must necessarily be transmitted through 
the fines. Assuming a given coal consumption in a boiler of any ratio 
of firebox and fine heating surface, a certain amount of heat Is generated 
and a certain amount exhausted through the stack, the difference being 
taken up by the water. If the firebox can take heat only in proportion 
to its surface the fines must take the rest, and there is no reason for 
supposing that the smaller the firebox in proportion to the total heating 
surface the more work It does. 

Again the writer of the paper says: "The heavier boiler has given 
us more adhesive weight, and by means of a higher pressure we are 
doing more -work with the engine, and since the relative proportion of 
grate area Is the same, It will be noted that the rate of combuslon per 
square foot can hardly be much lowered." The information that the 
committee got on that subject was that those who had obtained definite 
information had found that the large grate Is more economical than the 
small grate. There Is no heavy engine having a large grate or a small 
grate that Is not more economical of coal per ton mile than a small engine, 
and if the grate area has increased as rapidly as the tractive power, 
then it follows that the large grate is considerably more economical of 
coal, and that Is undoubtedly the case. In fact, as I understand It, the 
only reason why a large grate Is more economical of coal than the' 
small grate, Is because of less draught per square foot of grate area, 
which throws less fuel out of the stack. 

It seems to me that this question of leaky fireboxes may be summed 
I'P in two words, namely, "design** and "treatment." By design I mean 
liberal water spaces, widening from the bottom upward, fiat side sheets 
and side sheets inclined Inward toward the top so that steam can quickly 
leave the sheets. 

Also free communication between barrel and firebox so that water 
can easily pass from barrel to water legs. Easy curves at mudrlng 
corners and fire-door opening are necessary. Firebox troubles I believe 
to be purely due to insufficient circulation. Poor circulation Is due to 
contracted water spaces, steam pockets, and water too highly impreg- 
nated with solid matter. 

Of equal importance with design is the treatment, or care, of boil- 
ers, and by treatment I mean the avoidance of the concentration of 
solids In the water to such an extent as to be Injurious to the firebox. 

The greater the amount of solid matter contained in the water the 
more rapidly the solids become concentrated In the boiler. Incrustlng 
solids are not alone to be feared, because rapid incrustation can be 
prevented, but you cannot prevent burned side sheets that are sur- 
rounded with water highly concentrated with solids. 
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Comvntrntion rnii be prevontod by water purification, or by sys- 
tematli! blowing oft, or, in extronic cases, by a combination of both, 
and I flin iiiclinod to think tliat wator piirlflcation should not be gone 
into until tho possihilitlt'fl of tin* blow-oflf co<*k have been exhausted. - 
Rocont observation and exporionco have convinced me that the advan- 
taf?os to bo gaintHl by the liberal nso of the blow-off cock are not appre- 
ciated, and I Ix^lleve there are a jrood many waters with which water 
purification will fail, whereas the blow-off cock will succeed, and very 
few waters are ho bad but that a combination of both will make them 
usable. 

Leaky flues are not so easily cunnl by the same treatment because 
there are other causes in addition to those* previously mentioned which 
cause them. 

Mr. I^eilly: T do not quite un<lerstand that term, "concentrated." 
What do you mean by "concentration of water"? How do you mean 
that it Is concentrated? 

:Mr. Van Alstyxe: I mean that if you start out with a water hav- 
ing say thirty grains per gallon and keep feeding it into the boiler, you 
are going to evaporate the water and keep the solids in and in time 
you have a very highly concentrated water in the boiler. 

:Mr. Keilly: That is. a sediniental concentration? 

:Mr. Van Alstyne: Yes. 

Prof. W. F. ^l. Goss (Purdue University): Mr. Chairman, it is my 
understanding that one argument of the paper is to the effect that in 
the development of the modern locomotive boiler, the area of fire-box 
heating surface as compared with the total heating surface of the 
boiler has been reduced, and that as a consequence extra duty is im- 
posed on the fire-box heating surface, hence, troubles complained of, 
etc. Am I right in this statement? 

Mr. Reelly: Yes. 

Prof. Goss: Well, I do not think the argument is a good one. Eni-' 
ploying the term used in the paper, the "evaporative duty," that Is put 
upon a given area of metal, is the result of the difference in tempera- 
ture between the two sides of the metal. The evaporative duty Will 
increase when the difference in the temperature between the two sides 
is increased. Now, I do not understand that those changes in the pro- 
portions of boilers which Mr. Reilly emphasizes, have resulted in an 
increase of furnace temperature, which alone can result in increased 
evaporative duty. We know that, other things being equal, the rate 
of combustion is greater on a small grate than on a large grate, and 
the higher furnace temperature results from the higher rate of combus- 
tion. When we burn 200 pounds of coal per foot of grate area, we have 
a hotter fire than when we burn 100 pounds of coal per foot of grate 
area, so that with the small grate, the hotter the fire, the higher the 
temperature in the firebox, and consequently the higher the evaporative 
efficiency. It seems to me, therefore, that the argument to which I 
have called attention does not constitute a very good plank in a reform 
platform. 
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Speaking upon the general question, there are, it seems to me, sev- 
eral reasons why there should be more trouble in maintaining a large 
firebox than a small one. One of these arises from the fact that when 
a fire is thin, it is more diflacult to maintain it uniform in thickness 
than when it is thicker, consequently, the fire on a large grate which 
must of necessity be thin, is more difficult to maintain than the fire in 
a small grate which may be thicker. Portions of the large grate are 
often insuflaciently covered, and blasts of cold air coming through lead 
to local contraction, and trouble sooner or later follows. 

Another handicap under which the wide grate must withstand is 
the loss of fire which occurs when the tubes leak. A leak which will 
make but little impression on the thick fire of a narrow grate will put 
out a thin fire of the wide grate — not entirely out, of course, but out 
in spots which can not be rekindled as long as the leak lasts. 

It seems to me, also, that there is difficulty with the wide fire- 
box, arising from the extent of the sheet. I have had some experience 
in maintaining galvanized gutters on buildings, and I find there is no 
difficulty in keeping a gutter tight the length of which does not exceed 
forty Or fifty feet, whereas a gutter one hundred or more feet in length, 
as ordinarily constructed, can not be kept tight. The expansion and 
contraction strains then become so great that the joints will pull apart. 
Now, in increasing the size of the fire-box, we have larger sheets and 
like the larger galvanized gutters, they pull. Such difficulties as may 
arise from conditions which I have described are, I believe, in the na- 
ture of necessary evils which attend the case of the wide firebox. 

Mr. H. a. Febquson (J. T. Ryerson & Son): I am here rather un- 
expectedly, and am not familiar with the paper, excepting as I heard 
the gentleman read it. 

I can only say that I agree entirely with Mr. Van Alstyne, especially 
where he speaks of the design o^ the firebox overcoming the trouble, 
rather than the relative difference between the small box and the 
larger one. 

Mr. Reilly has another so-called "plank" in his platform, being the 
difference in the thickness of the film of steam having a large bearing on 
leaks, and that is undoubtedly true, but again, what Mr. Van Alstyne 
says about sloping the inside sheet so that the steam is relieved, would 
certainly overcome that trouble. 

The Chaieman: Gentlemen, there are quite a number of practical 
railroad men here who have undoubtedly been up against it, so to speak, 
with leaky fireboxes in their roundhouse. We will be glad to hear 
from any or all of you. 

Mr. a. Bement: There is one thing that has not been considered, 
that can have an effect on the life of the fireboxes with large grates. It 
is the condition of combustion, or, in other words, the initial tempera- 
ture. I am not now prepared to say whether the engines with large 
grate areas have proportionately more or less surface in the firebox, but 
having had experience with both large and small grates, have found 
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that the aeciiniulntlon of i\9\\vh in thickness Is not so rapid as with 
sninllor gratefl. The offoct of an accumulation of ashes and the forma- 
tion of cliiilcor on tlic grato Is to prevent uniformity of the air supply, 
roflultlng in carbon monoxide, and allowing escape of hydrocarbons, 
which is a waste of heat. For this reason the initial temperature, or, in 
otlior wonls, temperature of the fire, is lower. 

The metal of the firebox offers a certain resistance to the flow of 
heat through it, which n*sults in raising its temperature, and as this re- 
sistance increases with the flow, the result is tliat tt becomes propor- 
tionately hotter. The rate of flow or transfer of heat being dependent 
on the elevation of temperature, it follows that the temperature of the 
sheets and the amount of water evaporated per unit of surface Is greater 
or less according to the elevation of temperature. For this reason it 
would Ih? possible for the sheets of the fireboxes with relatively large 
grates to suffer mort» than those with small grates, assuming that the 
water supply is the same in eacli case. 

As Professor CJross has mentioned, there is more danger of the 
Are of the large grate getting uneven, and air entering through holes, 
the effect of which is to cause lower initial temperature. This means 
that the range of tempeniture in the fireboxes with large grates is both 
higher and lower than with the small grate, which has a greater effect 
on the metal of the large firebox. It is, however, probable that a more 
liberal water supply with the largo boxes, compensates for the effect 
of higher initial temperature. 

One of the speakers has called attention to the superior efficiency 
of the boilers with large grates, owing to the less quantity of fuel carried 
out of the stack, on account of the lower draft required. There is an- 
other reason for it— that of higher initial temperature, as above men- 
tioned. 

The initial temperature may be determined by the formula- 
Heat produced by the combustion. 

Initial temperature = 

Weight of the gas x its specific heat. 

The efficiency of the cooling effect is dependent on the capacity of 
the cooling surface, or, in other words, the heat absorbing surface of 
the boiler, and the initial temperature, and may be illustrated by the 
equation— 

R^ — R* 

Efficiency = 

R^ 
R^ being the initial rise in temperature above the cooling medium; or 

temperature of the fire. 
R* the final rise in temperature above the cooling medium; or tempera- 
ture of escaping gases. 
The cooling medium being the water in the boiler, at the temperature 

due to its pressure. 

With boilers in general the rise in temperature would be measured 
above that of the air and fuel supply, but for comparison the measure- 



Concerning Leaky Fireboxes 53 

inent should be taken above that of the cooling medium, because pres- 
sures are different. An exact comparison of boilers requires that the 
quantity of heat, and its initial rise in temperature be the same, then 
the final rise shows the relation between the two boilers as expressed 
in the equation. 

Mr. William Forsyth (Railway Age) : I tliink Mr. Reilly has done 
a good work in calling attention to the changes in proportions of the 
modern locomotive boilers, and his paper brings up a number of inter- 
esting questions, some of which unfortunately we cannot answer be- 
cause we have not definite data, but we have general principles which 
apply and which have been stated already, and I am sorry that I can- 
not agree with the general conclusions of the paper. The fact that the 
firebox heating surface has what might be called a normal absorption 
of heat is shown by the fact that if you brick up the box so that there 
is very little of it left the remaining portion of it will keep on absorb- 
ing and it will not be overheated any more than the whole box as it 
vras, and that experience which has been had with boilers where there 
is no firebox at all, where the firebox in some cases was entirely bricked 
up, as in the Lentz boilers and in the case of the original stationary 
boilers at the Juniata shops whore there was nothing but tube heating 
surface and the tubes absorbed all the heat, and as good economy is 
thus obtained from boilers which have entirely tube heating surface 
as from those which have a firebox. 

The gentlemen who have spoken before have pointed out the fact 
that firebox absorption is probably normal, and I think I should go 
further than that and say that even if the temperature of the firebox 
was greater, that the troubles of the firebox leaks and overheated sheets 
would not necessarily be caused by that for this reason: That the 
constant difference between the temperature of the two sides of the fire- 
box sheet in stationary boilers need only be about two degrees Fahren- 
heit in order to do the work expected from them, and in locomotive 
boilers I should think that a difference of twenty or thirty degrees would 
be sufficient to obtain all the work that has ever been obtained from the 
most intense performance of locomotive boilers, so that if the circulation 
is good there should be no tendency to overheat the sheet, no matter 
how hot we would make the fire in burning coal. 

The author seems to think that the proportions recommended by 
the master mechanics* committee of 1897 are correct ones and that 
the heating surface of the firebox should be about ten per cent of the 
total heating surface, and that that should not be departed from very 
largelj^ as they have been in modern boilers; but the fact of the matter 
is, the committee which made that report dealt with boilers which they 
had at that time, and which they regarded as good practice, and they 
made the report in accordance with that and without any other reason. 
There is no particular reason why the ratio of firebox lieating surface 
should be ten per cent, or that it should be five per cent or twenty per 
cent, and for that reason I think that these changes which have been 
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mmhi In iUam^ rniUm Mliouir] have very little effect on the temperature of 
iUo, MhofftM or on their leakaj^e. 

Mit. (*. W. Kahmkb (A., T. & S. F. Ry.) : In connection with what has 
Uooti HnU\ J tliinlf tlie point whicJi I'rofessor Goss brought out relative to 
iht* <11/T<»r<*nr'r» hetwpon the Hniallor boilers and those which have been 
iHilll Uitt'V 1h vvvy t^ooil. That is, that the small defects which existed in 
IIh» Htun\U*v boII<M' arc a^r^ravatcd and increased in dealing with the larger 
holhTH, and i would also like to inquire if it has been the practice on 
njany of ilic roads I know that it has been on some— to test boilers 
wInMi llM'y Ko lo I lie shop for ovorhaulin^— that is, the hot- water pressure, 
Huy Honn'MjIn^: like lif ty pounds above the boiler pressure carried, and 
also kccjiInK track of the scale and mud which is removed from the 
boiler wli(»n the* fluos are taken out, including that which is on the flues 
llicnisolvcH. 

Tiiio (Jiiaihman: There Is one feature of leaky fireboxes that I would 
IIK(» to call attention to, and that is the change made by the use of the 
brick arch. H(»forc the brick arch was so ijenorally used in fireboxes 
tlic» Hli<M»t which first gave out, started to leak, cracked and made the 
nn»Nt tr(»nbh» was tin* flue sheet; ironerally the next in order to play 
out was the crown sheet; after that the side sheets and lastly the door 
shet^t; but since brick arches have been generally applied to locomotive 
fireboxes It has bt»en my observation that the order of deterioration has 
been rtMcrstul. As a rule the first sheet to give way and crack Is the 
door sheet. eltluT around the door hole or in the corners; that is usually 
folio wetl by the side sheets, then the crown sheet, and lastly the flue 
sheet. That, in luul-water districts, has led me to believe that the brick 
aivh Is more expensive than the firebox without the brick arch. The 
reason for that is that In bad-water districts there is always bound to be 
a Rival d<^U of boiler work on flues, staybolts and firebox sheets, and the 
isvU sav^Hl by a brick arch will be more than offset by the additional 
iH>st for iH^tler work and loss of use of the engine while the boiler work 
ts being done. This is aggravatiHl by the length of time it takes for a 
l^rlek awh lo v\h>1 off so that a man can get on top of it to work on the 
rt\jes or or\nvn stays, and in some bad- water districts I have done away 
with the brick arch altogether, and have thereby cut dowTi our engine 
f:r;Ur.vs fixMU leakv i^n^boxes at lejist seventy-five per cent I would 
not jr^^ on r^nvrvi as tving in favor of not using the brick arch where 
Therv is 5:\v\i >\;\ter. but I am satisfitxl that it is an expensive luxury 
whero tbort^ '.s a iTt\n deal of iHMlor work on account of bad water. 

Mx V\N Ai^iTVNr: l><>fossor Goss* explanativ>n of the reason why 
f«\',es w, » ;t1e f.Tx^lwes Art> more tiv^ublesomo than they are in narrow 
:v,v;v\es is or.o tb,nt 1 r.ovor htxarxl Ivfore. and while that may be the 
^.xv.^on 1 \>o«:d Iv r:;tbor nio'.iuiV* to tlv.nk that the trouble is more due 
:v> :he :;u*: tV.,^: \xu^,o !*.tvN>\cs as a ni*e .^ri^ shaV.v^wor than the narrow, 
*r,*^, :V.e sV»V.o>x f,r\^N^\ ;ov.as :v> :^:\V.v.vV -oiiky fi;:os in two ways: ¥lrst, 
\v. :>.a; ;: ^r::v^:s T>,e f.re \:p o\><<^ Tv-* :!^.o flv.es ?.:ui ge:s the intense beat 
*^f ;N^ s.hv^r: xxV.;:e l^CiV.'it'^s :o a crt^ter r.r.:v.V-or of the flues: and aeeond. 
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because there is less depth of waterleg to keep the cold water away 
from the flues. I think there is ample evidence to show that if there 
was less circulation around the tubes immediately ahead of the back 
flue sheet there would be less trouble with leaky flues. A wider space 
between the tubes is undoubtedly beneficial beyond the back flue sheet, 
but not at the flue sheet. It is my observation that practically all flues 
that leak are below the center line, and I think it is due, as I have 
explained, to the intense heat of the short, white flames, and also to the 
fact that the cold water stands at a high depth in the shallow flrebox. 

The experience I have had with various spacings of tubes indicates 
to me that the wider the spacing the better the results will be; but as 
far as I have gone, that is an inch and a half bridge, it is certainly not 
a cure for leakv flues. 

Mb. Peteb H. Peck: I think Mr. Van Alstyne is right in what he 
states about shallow fireboxes. We had ten shallow-firebox engines 
a number of years ago, and there was so much leakage from the flues 
that the engines would not steam. On the engines with the deeper flre- 
box we do not have so much trouble. We are using a kind of drop grate, 
and we changed the drop grates from the front to the rear end of the 
firebox in order to avoid the cold air; and that had a good effect on the 
flues. 

Mr. Forsyth : In regard to what Professor Goss says about the 
leakage of the wide firebox on account of the long sheet, Mr. Reilly says 
in his table that the area of the modern firebox with the wide box is less 
than that of the narrow ones; that in one case it was 72 square feet less. 
Here is one narrow box with 243 square feet and a wide box with 141 
square feet. Now, I would like to ask the Professor how he finds the 
sheet longer in the wide firebox than in the narrow one? 

Professor Goss: I am not attacking those figures. I merely assumed 
that the wide fireboxes have greater furnace area, or heating surface, 
than the narrow firebox. If I am wrong in that there is nothing in 
my argument. 

The Chairman: Gentlemen, if there is no further discussion we 
will ask Mr. Reilly to close the debate. 

Mr. Reilly: The object of the paper has been accomplished, in hav- 
ing brought out an expression of opinion as to whether the extent of heat- 
ing surface in the firebox should not be considered as well as the matter 
of better water circulation, especially where the water used is such as 
to give trouble from leaking. You do not seem to think so, but none of 
the arguments advanced against it seems to me to afford ^flScient reasons 
for ignoring this factor. I am particularly impressed with this beliet 
because of the results obtained in foreign practice, where boilers are 
always given more firebox heating surface than is at present customary 
in this country; in fact one English line has placed thirty per cent ot 
the total heating surface in the firebox of more than 100 locomotives 
with excellent results. Tho English and French certainly get more out 
of their boilers than we do; they use smaller boilers than we do with 
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the same nlzo of (Mi|[:iiio and. although of course thoir coal and watir 
Is Ronorally l)ctter tlian ours, I cr.nnot account for the results they get 
out of those boihM's unh»ss It is because of their greater proportion of 
firebox healing surface, for the lube spaciiif? and other proportions are 
al)out tlie same and tlie water spaces iji tlie lejrs arc even smaller than 
we use. 

Referrinj; particularly to the contentions advanced against the propo- 
sition of the iiapcr, I would s:iy that the replies as to the couaparative 
amounts of trouble experienced with the two types of boilers are con- 
flicting to nearly an equal extent, as ei;rht is to seven, with four nlL 
In the absence of specifications in each cise as to tho character of water 
used there can be no inference drawn. Tlie same applies to the second 
objection of Mr. Van Alstyne; but since both types of boilers leak, and 
both types have had their firebox areas gradually reduced, the question 
at issue is, would they not both be benefitted by an increase in the 
extent of the firebox area— the wide l)ox particularly because of its 
greater reduction in this particular? His contention concerning the 
evaporative duties of tho sheets, rates of combustion, etc., I would 
answer in this way: The boih'rs in the last two examples of locomotives 
are practically precisely similar in all respects, save that of grate area 
and extent of fire])()x lieatinir surface. The object in providing tlie wide 
grate in the Frisco boiler was to provide an area on which more coal 
could be burned in order to generate heat- the smaller grate area tn 
the B. & O. boiler having provjnl insuflficient as to supply the ultimate 
capacity of the engine. The lowered rate of combustion was an inci- 
dental advantage, yet this consequent lowered rate of combustion causes 
the gases to be draAvn less rapidly through the tubes and, since theso 
tubes are precisely tho same in both cases and a greater total amouAt 
of heat is generated on the larger grate, which must be absorbed by 
tlie same sized boiler, dors it not stand to reason that the heating sur- 
face of the firebox will be com polled to absorl) a greater proportion of 
the heat in the wide tlian in the narrow box? And since the wide box 
in this example has but 3.2 sq. ft. of heating surface to each sq. ft. of 
grate, as compared with the 6.1 per sq. ft. of grate in the narrow box, 
will not the individual duty of each sq. ft. of sheet be greater in the 
wide box of the Frisco boiler? Now, this increase in tlie heat trans- 
missive duty per sq. ft. of fire box sheet will not cause any rise in the 
temperature of the sheet above that of tlie surrounding water so long 
as the circulation is sufliciently rapid to carry away the particles of water 
as fast as they are turned into bubbles of steam. (Bad water alone 
requires a more rapid circulation because of its tendency to bubble away 
from the sheet faster). In the absence of a requisite rapidity of circula- 
tion the particles of steam are not carried away freely and promptly 
replaced with particles of water. The result is the formation of a layer 
of steam between the sheet and the water, and, as this layer of steam 
is a poor conductor of heat, it acts as a heat insulation between the 
sheets and the water, with the result that the temperature of the sheet 
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is not now kept to that of the water, but rises above it in the degree 
that this film of steam becomes thiclier, or, in other words, to the 
degree in which the circulation is faulty. Since the character of firebox 
defects indicates that such a state of affairs often arises, and the rapidity 
of water circulation necessary to obviate it has proved difficult to pro- 
vide, particularly where bad water is used, does it not seem worth 
while considering an attempt to reduce the call for so fast a circulation 
by reducing the duty per sq. ft. of firebox heating surface by increas- 
ing the extent of such surface? 

Where the relative greater economy of the wide grate is mentioned, 
I do not think the idea has been caught — there is no question of the 
economy of the wide box, which has a sufficient grate area, over that of 
the narrow box, which has not enough grate area, where we are dealing 
with modern sized engines. In considering the rate of combustion we 
must deal with the amount of wo^*k performed as well as the extent of 
grate area. To do a certain amount of work we must secure a certain 
amount of heat and so far as the purposes of this paper are concerned, 
it does not matter whether this amount of heat is obtained from the 
coal being burned on either a small or a large grate, the effect of the 
lower rate of combustion with the large grate has already been ex- 
plained. It may be said incidentally, however, that the large wide-box 
engine cannot be called upon for an amount of work in proportion to its 
grate surface that the old, small engine (old 16 x 24 eight wheeler) with 
a proportionate amount of grate area could, because a human being can»- 
not put the 8,000 or more pounds of coal per hour into the firebox that 
the 48 sq. ft. of grate area would call for at the 180 lbs. rate. Hence 
the large engine is compelled to bo worked at an economical rate. I 
agree with Mr. Van Alstyne in bis reliance on design to help out the 
matter of subsequent treatment, in seeking to avoid leakage. It is a 
matter of design with which the paper deals. The avoidance of concen- 
tration of sediment is also in line with the present agrument, for such 
concentration produces bad. water, whose effects are mentioned. As to 
the side sheets sloping in the wide box so as to assist the steam in 
escaping from the sheets, the paper states that in all ways the wide- 
box boiler seems to assist circulation, and yet gives as much or more 
trouble than the narrow one, and the reason for this apparent anomaly 
it is the purpose of this paper to set forth. 

Replying to the first point of Prof. Goss, on evaporative duty, I 
will say again, that in the particular and sole case of the side and tube 
sheets of a locomotive firebox, it is not a question of the difference in 
temperature between the two sides of the sheets. The point is that 
when the evaporative (or heat transmissive) duty required per sq. ft. 
of sheet exceeds the amount for which a certain rate of water circula- 
tion will provide, then there arises a heat-insulating layer of steam 
between the sheet and the water and it is then a question of the per- 
centage of generated heat which is thereby held in the slieet instead of 
passing on through this layer of steam into the water, and in the 
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dof;rrec tlint tbis pcrcontuf?o of boat Is compelled to be taken up by the 
Kheot instead of passing; on frcol}' into tbe water, will the sheet become 
boated al)ove tbe temperature of the water existing beyond the layer of 
steam. His second point 1 have already answered in saying that the 
larger prate generates a preater total amount of heat and, since the 
tube area is the same and the rapidity of the exit of the gases Is 
lowered by tbe lessened rate of combustion, there will remain In the 
firebox an increased proportion of tbe beat to be taken up by It as 
well as tbe tubes, and, since tbe extent of flrel)ox heating surface has 
been lowered, there will be a subsequent incrcasd transmissive duty 
per sq. ft. of sheet— the effects of which have already been noted. 

The first and second "handicaps" mentioned simply add to the dis- 
tortions to which tbe smaller extent of firebox area is compelled to sus- 
tain. As to the third handicap, I will say that so far as locomotive 
firebox side sheets so, I have never had any more trouble from a long 
side slieet than with a short one, except in the matter of circulation. 
So long as the water circulated freely about the sheet they gave no 
trouble, but when the water was for any reason unable to get to the 
sheets, they era died, regardless of whether they were long or short 
sheets. 

The objections of Mr. Ferpusson have already been covered in pre- 
vious remarks, and Mr. Bement's remarks are practically in line with 
my argument. As the first portion of Mr. Forsyth's remarks relate, I 
believe, to the Lcntz boiler, I can but express an unfamlliarity with its 
design or results in service and hence am not in a position to say 
whether its failure to be in general use arises from defects traceable to 
the dlminlshment of firebox heating surface he mentions. Neither can I 
admit into the argument the consideration of stationary boilers, of whose 
peculiarities one would need complete information to discuss, for in- 
stance, if tbe all-tube boilers mentioned are water-tube boilers, their 
heating surface is practically all firebox heating surface instead 
of none. His next point is covered in the first part of the reply to Prof. 
Goss. As to the reasons for the basis taken by the 1897 committee in 
their recommendation of 10 per cent, I will say that it is appreciated 
the committee went by the practice then extant, but my idea is that 
the service rendered by those boilers was better than that obtained in 
tlie modern boilers, in which this 10 per cent, has been cut in two, and 
that we would have done better to increase tliis 10 per cent, than to 
decrease it, this for the reasons given throughout. 

Replying to Mr. Farmer — I do not think the increase of defects would 
become apparent if these increases in size had been made equally in all 
particulars. I take the remarks of Mr. Barnum concerning the effect of 
brick arclies, to prove the very basis of my argument, for the shifting 
of the locality of the troubles by tbis means shows a corresponding 
shifting from one vicinity to another of an excessive evaporative duty 
which expresses itself as mentioned by Mr. Barnum. 

I agree entirely witli Mr. Peck and Mr. Van Alstyne concerning the 
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bad effects of the shallow box bringing the bed of fire so near the tubes, 
but I cannot agree that a derivable deduction is that a lessened circula- 
tion is desirable immediately in front of the tube sheet, and further will 
say that I do not coincide with the statement that it is the tubes below 
the center fine which leak most. In fact my observation has been just 
the 'reverse, except where the spaces between these lower tubes have 
become clogged with mud and incrustation. In the absence of such 
increased amount of incrustation or amount of mud in this vicinity, 
it has been my observation that the upper tubes exhibit a gi'eater tend- 
ency to leak than do the lower ones, and if we consider the phase of 
circulation in this vicinity it is reasonable that this should be true. If 
the lower tubes are giving more trouble from leaking than the upper 
ones, it is the general custom in bad water districts to take out an 
inverted V of from 60 to 100 tubes, in order to clear out the mud and 
incrustation in this lower portion of the boiler. 

I appreciate it is not reasonable to expect an immediate reversal 
of sentiment upon the points brought out in the paper, but I cannot 
help thinking that the more one considers the proposition, the more 
reasonable it appears. I thank you for the attention which has been 
given me. 

Mb. F. D. Fenn (Crane Co.) : I would like to ask what the water leg 
proportions are. Now, for instance, we have five inches of water space 
in the side leg of the boiler in the old fashioned locomotive boiler; how 
much water space have they in the legs of these large boilers, these wide 
firebox boilers? Has the area or quantity of water been increased next 
to the firebox, between the firebox sheet and the outside sheet? .To 
what proportions have they increased the water space? 

Mr. Reilly: Well, the older classes of boilers only had a two-inch 
space in the water legs and this is true of much foreign practice yet-. 
Of late years this has been increased to three inches and when we come 
to the wide firebox we increase it considerably, as a rule to four inches 
and now we are endeavoring to get better circulation by increasing it to 
four and a half and five, and even six inches. The last new decapods 
on the Santa Fe have a six-inch water space on the sides. Of course, 
the obect in that is to get a better circulation of water and help the wider 
spacing of the tubes to perfect the water circulation. 

The Chairman: There is another paper, gentlemen, on "Specifica- 
tions for Boiler Tubes." I will ask the Secretary to read it. 

The Secretary: This short paper or rather circular of inquiry is 
presented with the hope that information may be obtained that will be 
of assistance to the Committee of the Master Mechanics* Association in 
revising the present specifications. The paper is as follows: 

SPECiFICATIONS FOR BOILER TUBES. 
At the last convention of the American Railway Master Mechanics' 
Association, a committee was appointed to revise the specifications for 
boiler tubes and to provide for steel tubes as well as iron tubes. 
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TIic cominittee to which this tnsk U assigned, asks the members of 
the Western Railway Club wlio have to do with the handling of tubes, 
to aid it to the extent of making suijjreslions as to wherein these speci- 
fications may be improved upon, and new specifications for steel tubes 
proposed. 

The present specifications and tests of tlie Association for iron tubes 

are as follows: 

mOX TUBES -MATER i AL. 

•'Tubes to be made of knobbled hammered charcoal iron and la> 
welded. 

DIMENSIONS AND WEIGTHS. 
Tubes 2 inches, outside diameter. 
.095 inches thick and weijrht at least 1.91 lbs. per foot. 
.110 inches thick and weight at lesat 2.19 lbs. per foot. 
.125 inches thick and weight at least 2.47 lbs. per foot. 
.135 inches thick and weight at least 2.65 lbs. per foot. 

Tubes 2^ inches, outside diameter. 

.095 inches thick and weight at least 2.16 lbs. per foot. 

.110 inches thick and weight at least 2.48 lbs. per foot 

.125 inches thick and weight at least 2.80 lbs. per foot. 

.135 inches thick and weight at least 3.01 lbs. per foot. 

SURFACE INSPECTION. 

Tubes must have a smooth surface, free from al laminations, cracks, 

blisters, pits and Imperfect welds. They must also be free from bends, 

kinks and buckles— signs of unequal contraction in cooling or injury in 

manipulation— and must be of uniform thickness throughout, except 

at the w^eld, where .015 inch additional will be allowed, perfectly round 

and cut to exact length ordered. 

PHYSICAL TESTS. 

1. Strips one-half inch in width by six Inches in length, planed 
lengthwise from tubes, after being heated to a cherry red and dipped 
in water at 80 degrees Fahrenheit, shall bend in opposite directions at 
each end, without showing cracks or flaws; and when nicked and broken 
these must show a fracture wholly fibrous, or a test in a testing machine 
may be substituted for this. 

2. Sections of tubes 12 inches long — five inches of which shall be 
heated to a BRIGHT CHERRY RED IN DAYLIGHT— when placed in a' 
vertical position and a smooth-turned tapered steel pin at a BLUE HEAT 
is driven in, by "lap" blows with a 10-pound hammer, must stretch to 
one and one-eighth times their original diameter without split or crack. 
One tube to be tested, as required in paragraphs 1 and 2, in each lot of 
250 tubes or less. 

3. Tubes must expand, turn over tube plate and bend down without 
flaw, crack or opening at weld. 

HYDRAULIC TESTS. 
Each tube must be subjected, by the manufacturer, to an internal 
test of not less than 500 lbs. to the square inch. 
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ETCHING TESTS. 
In case of doubt as to the quality of material, the following tests 
shall be used, namely: 

A section of tube turned or ground to a perfectly true surface, pol- 
ished with fine emery paper, and free from dirt and grease, to be sus- 
pended in a bath of 

Water 9 parts. 

Sulphuric Acid 3 parts. 

Muriatic Acid 1 part. 

The bath should be prepared by placing the water in a porcelain 
dish, adding the sulphuric acid and then the muriatic acid. Chemical 
action is allowed to continue until the soft parts are suflaciently dissolved 
so that an iron tube will show a more or less finely ridged surface, with 
the weld very distinct. 

GENERAL REQUIREMENTS 
Each tube must be plainly stenciled "Knobbled Hammered Charcoal 
Iron" and "Tested to 500 Pounds,'* and tubes must be so invoiced. Each 
tube must also be subjected to careful surface inspection; and those 
measuring one-sixty-fourth of an inch over or under the diameter ordered 
shall be rejected. 

The above specifications were adopted in 1&95, so that they can 
hardly be considered up-to-date. 

STEEL TLTiES. 

The Association does not have any specifications for steel tubes. It 
would, therefore, be in order for you to give your views as to proper 
specifications, for the information of the committee. 

The question of steel tubes for locomotive boilers has not received 
a great deal of attention; at least there is not much data available. 
There have been a number of experiments made with them, but their 
general introduction has not attained very large proportion*. Why 
they are not more generally specified is a subject on which it would be 
interesting to hear the views of the members. In an editorial in a recent 
issue of The Railway Age, the statement is made that "steel has grad- 
" ually taken the place of iron in almost every other locomotive detail, 
"resulting in decided improvement, and the metallurgy of steel has ad- 
" vanced to such a stage in the production of pipes and tubes that we see 
** no reason why steel tubes should not gradually supplant those of 
" iron in locomotive boilers.*' 

It would be of assistance to the committee to know: 

(1) Are you using the above specifications for your boiler tubes? 

(2) As a result of your use of these specifications, or modification 
thereof, have you any suggestions to make as to their proper revision? 

(3) What have you to suggest for a specification for steel tubes which 
will secure satisfactory materials? 

(4) Have you observed any difference in the extent of pitting of iron 
and steel tubes in similar service? 
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(5) What is the best practice in regard to material for safe ends? 

The Secretary: I might add that Mr. William Forsyth is a member 
of this committee. lie is here today and I Itnow he would be glad to 
have the suggestions of any of the members. 

The Chairman : Mr. Forsyth, perhaps if you will direct the thougbts 
of the members, they will be stimulated to express themselves later. 

Mr. Forsyth: From the replies which the committee has received 
to their circular on this subject, we are convinced that the specifications 
of iron tubes are about right, with the exception of the second paragraph 
relating to the test by drift pin, and from what we learn from these 
replies, we would rather favor leaving that out altogether. Then, with 
the specifications, omitting the second section, we would think that 
the specification is suflacient to secure a good iron tube, and what -we 
want to find out now is, what is the real difference between a steel tube 
and an iron tube, and what should be added to the specifications in 
order to secure good material in the steel tube. We have asked a 
number of questions at the end of the circular, and if any of you can 
gives us replies to these, we will be glad to have them. 

The Chairman: Mr. Wickhorst, will you give us your experience on 
this subject? 

Mr. M. H. Wickiiorst (C, B. & Q. Ky.) : Mr. Chairman, I have noth- 
ing to say specially as regards the specifications for iron tubes; they seem 
to be suflacient to get good material, and as regards steel tubes, the 
C, B. & Q. has not used them. The reason for that is that some years 
ago the matter was studied into a little, but we were not very successful 
in making welds of the steel tubes, that is, in the way we worked it 
we did not have great success, at any rate not suflacient success in mak- 
ing a weld of a safe end. It is probable that steel tubes of such quality 
can be furnished now and possibly by the use of a different method of 
welding, steel tubes mn be used with entire success. I would like myself 
to hear from members who have been using steel tubes extensively as 
to that point. 

The Chairman: Mr. Farmer, will you tell us what the Santa Fe is 
doing in this line? 

Mr. Farmer: I am sorry I cannot tell you whether they are using 
steel tubes or not. As far as I know they are not using any. 

The Chairman: Mr. Fergusson, can you give us any information? 

Mr. Fergusson: I know that there are a great many steel tubes 
being used by railways; and they seem to give excellent service. There 
are a great many roads that are safe ending steel safe ends on an iron 
tube, and get very good results. As a usual thing, they use a little 
heaviar gauge than the body of the tube. As far as the manipulation of 
the steel tube is concerned there is not any great diflaculty; it is a very 
easy matter to weld them if you have the proper appliances and they 
seem to stand up better tbnn the a vera go grades of iron tube. If I am 
not mistaken, the Great Western is still using some steel tubes. Mr. 
Van Alstyne may be able to tell you about that. 
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Mr. Van Alstyne: I cannot answer any of these questions 
of the committee. We use steel tubes and we imagaine that they leak 
more than the iron tubes. I have not any definite information and I 
cannot say positively. So far as specifications for the iron tubes go, I 
will say that we weld heavy high grade safe ends to an ordinary lighter 
weight body. That has been our practice for some time. I do not think 
there is very much difference between the better qualities of iron tubes. 

Prof. Goss: I would like to ask Mr. Forsyth whether there is any- 
thing to indicate that the mechanical tests which are applied to a steel 
tube should be different from those that are applied to an iron tube? 

Mr. Forsyth: That is the very difficulty that we find in these replies, 
that on that subject we did not get any information at all. The tests 
which have been made in the laboratories of steel tubes are not reported; 
they do not seem to have formulated any special requirements to aid us 
in addition to the present specifications. 

Mr. Fergusson: I would advance one thought in connection with 
that paragraph for internal test pressure of the tube, and ask Prof. For- 
syth if there is any difference in the quality of the metal; if there is any 
reason for using an internal test pressure other than its simple applica- 
tion? It appears that on a great many roads where tubes are tested 
that it is the universal practice to test them with an internal pressure, 
whereas of course, the pressure, when in service is on the external sur- 
face. I would like to know if it would be worth while to have a specifi- 
cation that would provide for an external pressure rather than an internal? 

Mr. Forsyth: I would say that the object of the pressure tests is to 
show a defect. Of course, if the material is good, the tube will stand 
the pressure, or a pressure several times greater than the test pressure, 
and the object of the test is simply to discover a defect, an in solid dra\^n 
steel tubes there would be very likely to be no such defect, because there 
is no weld. I think the external pressure would be hard to apply and 
I do not think it would have any particular advantage. 

.Mr. Geo. L. Bourne: Referring to the question of safe ending: I 
know of a number of roads that are handling from 7,500 to 10,000 flues 
per month and are using steel ends on steel tubes. They seem to 
handle them just as fast as they did the iron tubes and in the work 
of safe ending I believe the steel tube can be handled with just as much 
safety and just as rapidly as can the iron. I understand the Lake Shore 
handles from 7,500 to 8,000 steel tubes per month and the number of de- 
fective welds is practically nil. 

The Chairman: Mr. Forsyth, would you like to add anything to 
your previous remarks, in closing this discussion? 

Mr. Forsyth: No, I think not. The principal object was to find 
out from those who are using steel tubes what difference they found in 
them, what difference in the tests should be made, what specifications 
should be made for them. There seems to be very few railroad men here 
who are using steel tubes, so we cannot get that information. 

Prof. Goss: I would like to venture the suggestion that in the 
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working out of tho siu^*l float ions ^<o far as hum -h:)!! lea I testa are concerned 
no distinction should be uiadi* lu'tweon iron and steel tubes. 

Mb. Wickiiorst: It is very easy to get almost any kind of steel 
tube to stand this test fi»r an Iron tube. 

Vhov. (;oss: That may be so. All that a meehanleal te.st cau do is 
to disclose the physical ch:iracteristics of the material. If a steel tube 
withstands a test prescril»ed for an iron tube, it is as good, so far as 
can be determined by the test in question, as the iron tube. If it isn't 
good enough, or if it can easily 1m» made to withstand a more severe 
test, then the requirements should be raised, but the new requirements 
should then apply to the iron tulies as well as to those of steel. All 
this, of course, appli(»s to mechanical tests alone. 

^iR. Farmer: I would like to ask the members here if it is the 
practice to test tubes after the safe ends are welded on before they are 
put in the boiler? We have always been accustomed to making the 
weld and putting them in and testing them afterwaids. 

Mr. Van Alstynk: Our practice is to wt^ld the tubes without scarf- 
ing, and test them after they are put into the boiler, and if any of them 
leak, take them out. We have such a small percentage to take out that 
it pays to do it that way. 

Mr. Bourne: I think the practice of testing flues after being welded 
depends to a certain extent on local conditions, thjit is, the care and 
attention that is given the work when the welding is being done. I 
know quite a number of roads that follow the practice as stated by 
Mr. Van Alstyne and think that with good care on the part of the 
welder, who must watch the fire and tubes closely, flue welding can 
be done and the number of defective welds be so small that it is not 
necessary to test them. I know a great many roads that are not testing 
flues and the nunilier of flues they have to take out after the boiler has 
been tested is very small indeed. 

The Chairman: If there is no further discur^sion, a motion to ad- 
journ is in order. 
Adj(»urned. 
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The regular monthly meeting of the Western Railway Club was 
Held on Tuesday, November 17, 1903, at the Auditorium Hotel at 
2:30 I), m., Vice-President J. A. Carney in the chair. 

Among those present the following registered: 



Arp, W. C. 
Ault, C. B. 
Ball, H. F. 
Baruum, M. K. 
Bell, J. M. 
Bisehoff, G. A. 
Brandt, F. W. 
Brazier, F. 0. 
Britenstein, J. F. 
Brooke, Geo. D. 
Brooks, P. R. 
Brown, R. L. 
Bryant, G. H. 
Bryant, W. E. 
Carney, J. A. 
Collier, F. P. 
Cooke, W. J. 
Cota, A. J. 
Cross, G. W. 
Gushing, G. W. 
DeRemer, W. L. 
Doebler, C. H. 
Ducas, C. 
Farmer, C. C. 
Farmer, G. W. 
Feun, Frank D. 



Fergusson, H. A. 
Forsyth, A. 
Forsyth, Wm. 
Goehrs. W. H. 
Haig, M. H. 
Harris, E. K. 
Hill, Jas. W. 
Hinson, J. A. 
Hogue, 0. D. 
Howard, G. E. 
Humphrey, A. L. 
Keeler, Sanford 
Kenney, Chas. 
Kipp, A. R. 
Larue, H. 
lapo, C. F. 
Ma her, P. 
McAlpine, A. R. 
McCarthy, J. J. 
McLeisch, W. J. 
Mellon, W. P. 
Midgley, S. W. 
Mills, G. F. 
Nelson, G. 1^. 
Nichols, G. P. 
Pfiager, H. M. 



Pierce, Chas. F. 
Raidler, W. P. 
Roach, J. B. 
Royal, Geo. 
Rogers, M. J. 
Senger, J. W. 
Setchel, J. H. 
Shields, H. S. 
Shultz, F. K. 
Silk, E. E. 
Slater, F. 
Smith, E. M. 
Smith, Geo. W. 
Stark, F. H. 
Stimson, O. M. 
Stocks, W. H. 
Symington, E. H. 
Talmage, J. G. 
Taylor, J. W. 
Thurmauer, Gustav 
Toothe. E. S. 
Waggoner, W. B. 
Whitney, Geo. 
Wilson, Geo. L. 
Woods, Edwin L. 
Young, C. B. 
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The Chairman: I request: as there are only a few here this after- 
noon, that 3'ou tako thi* front scats as much as possible. It is not often 
that the room is ok ct/ol as it is this afternoon, and I think it will be 
perfectly perniiHKible to keep your oviTcoats on, and also your hats, if 
you care to. 

The first onlcr of busiiK^ss will be the approval of minutes of the 
lust meetinff as printKl. An» then* any corrections? If not, they will 
stand opprovotl. ^'^ 

The S('<-r<'tary then rctul the fnllowiii;; report on membership: 

Memliership, 0<-t<)ber, 190'^ 1,060 

Resljrned 1 

1,059 

New M«'nibiM»: , 13 

Total 1.072 

NEW MEMBERS AI'PROVEi> KY BOARD OF DIRECTORS: 

NAMK. OCCUPATION AND ADDRESS. PROPOSED BY 

(ieo. I>. Morrison. Peerless Rubber Mf^. Co.. Chicago ... Thos. Jackson. 

Chas. S. Burt, Prest., TweecMalo Water Softening Co., 

Chicago L. B. Sherman. 

J. B. McLewl, Specl. Appronike. ('.. B. & Q Ry., Brook- 
field, Mo J. S. Goddard. 

J. II. Fredenhall, R. F. E., C. & N. W. Ry., Autigo, Wis. J. F. Fleischer. 

R. Wliittier. (i. F., C. & \. W. Ky., Kaukauna, Wis J. F. Fleischer. 

Goo. I J. X<'lson. Rogers Metal Works, Chicago M. J. Rogers. 

E. C. Wasliburn, WashDuru Company, Minneapolis, 

Minn J. W. Taylor. 

Jay G. Robinson, Railway Supplies, Chicago J. W. Taylor. 

Elmo Owen, G. F., Chicago Union Trans. Ry., Chicago. . .Geo. Royal. 

A. G. Delaney, C., B. & Q. Ry., Chicago C. S. Bricker. 

R. K. Pierce, Spec. App., C, B. & Q. Ry., W. Burlington, 

la J. A. Carney. 

J. F. DeVoy, M. E., C, M. & St. P. Ry., W^ Milwaukee, 

Wis A. E. Manchester. 

E. M. Smith, Railway Appliances Co., Chicago E. H. Symington. 

J. E. Hall, Galena-Signal Oil Co., Chicago 0. W. Gushing. 

The Chairman : The next order of business is the reading of papers. 

The first paper on the list is entitled "Staybolts." liy Mr. H. A. Fergus- 
son. 
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STAYBOLTS. 
By Mr. H. A. Fergusson. 

There are few men connected with the mechanical departments of 
our railways who have not given more or less thought to the question 
of staybolts, and in many cases opinions have been formed which are 
based on the experience derived from local conditions, rather than from 
a general study of the subject, and the object of this paper will be to 
present on general lines some of the most frequent causes of stay- 
bolt failures, and also to Indicate the most rational means for correct- 
ing or minimizing the trouble. 

We all know that the greatest cause of broken staybolts is ex- 
pansion and contraction of the firebox sheets, and it therefore follows 
that firebox design has a direct relation to staybolt breakage, and this 
fact, while so true as to be trite, is generally entirely Ignored In design- 
ing new boilers. We scheme for larger grate area and increased heat- 
ing suface; squabble over flue spacing and circulation, and then, when 
these and other elements satisfy us, stick in the staybolts at so many 
per square foot. 

Does any one deny that the long narrow fireboxes, curving sharply 
outward to a broad crown sheet were designed with little or no regard 
for effect on staybolts? Or that staybolts screwed into a comparatively 
thin sheet at an angle of say 75 degrees will not soon prove trouble- 
some? It is pleasing to know that our latest wide fireboxes eliminate 
all sharp curves in the side sheets, and consequently benefit the stay- 
bolts. 

Since the relative difference in expansive movement between the 
outer and inner firebox sheets remains constant no matter what the 
space in the leg of the firebox, it follows that the wider apart the two 
sheets are, the less bending angle will be given the bolt, and conse- 
quently the greater number of vibrations may be had before breaking. 
I have seen this demonstrated most conclusively in some boilers having 
a seven inch water space at the crown sheet line, and but four inches 
at the mud ring, practically no broken bolts occurring above the hori- 
zontal central line of the box. 

Staybolts break more frequently in bad water districts than in those 
districts where the water is freer from incrustating solids. This is 
not to be attributed to the action of the water on the bolts, but to 
the fact that such engines are washed out very much more frequently^ 
with consequent vibration of the bolts each time. There is apparently 
no remedy for this, where water purifying stations are absent, except 
a flexible staybolt, and while numbers of these have been designed 
and tried, there are none of them that will not soon become inflexible 
through the hard scale formations around the movable parts. The 
best bolt therefore is one which has the greatest flexibility, and which 
cannot be affected by scale. Obviously this must be a solid bolt of 
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such material tbat it possesses requisite tensile strengtb, combined 
with the greatest vibratory strength. Copper undoubtedly possesseft 
this combination of qualities to a greater degree than any other metal, 
and it is the prevalent custom in European countries to use copper 
staybolts. To us, however, copper is seldom considered, on account of 
expense. 

One of the chief reasons for the superiority of copper staybolts is 
on account of the fibrous nature of the metal, and the more fibrous we 
can get a metal having the requisite tensile strength the more vibra- 
tions it will stand, and be consequently longer lived. The actual tensile 
strain on staybolts is far below their elastic limit, and if a bolt is not 
cracked it is improbable that it will ever break from boiler pressure 
alone, at the same time this pressure has a great influence on the 
failure of staybolts, on account of the vibratory strength (to coin a 
new expression) being very much wonkened when the vibrations take 
place while the bolt is under tensile strain. This point was very clearly 
demonstrated in tests made by :Mr. Francis J. Cole, and incorporated 
in his paper before the American Society of Mechinical Engineers in 
June, 1898, and extensive tests since have established the fact beyond 
question. The greater the strain per square inch then the fewer vibra- 
tions the bolt will stand, and as a bolt of small area will have a greater 
strain per square inch I would recommend an area which will not give 
more than one-tenth ultimate strength. 

Reducing the diameter of the bolt between the sheets, will, within 
certain limits prolong its life, the best practice being to have the 
turned area slightly less than the area at the root of the threads, and 
leaving as generous a fillet as possible. The detection of broken stay- 
bolts is so important that no precautions should be too troublesome. 
The old and still used hammer test is more than unreliable, although 
some of our largest railroads depend entirely on this means of detec- 
tion. I once conducted a test of staybolt inspectors. Seven condemned 
boilers were used, having no drilled bolts, and each inspector went 
over the bolts, sounding them and marking on a prepared diagram the 
bolts he considered to be broken. Four of the boilers were under a 
steam pressure of 50 pounds and the other three were cold. Afterwards 
the boilers were cut open and the actual conditions noted. Of 29 in- 
spectors not one got all of the broken bolts in any one boiler, ancl no 
one got anywhere near the correct number of cracked bolts. Some of 
these men marked dozens of good bolts as "broken" and passecl as 
many broken bolts for "good." This was the most powerful argument 
I ever knew against this method of inspection. 

The bolt with a hole entirely through is bad on account of its 
weakening effect, the bolts starting to crack both from inside and out 
when vibrated, or exactly the same effect as when bending an ordinary 
piece of pipe. Of course as staybolts always break next to the outer 
sheet, any hole will be injurious, but by drilling a very small hole, say 
not over % inch, just through the outer sheet, a break will be detected 



Stay BOLTS 09 

and the bolt injured very little by the hole, especially if a long fibre 
piled iron be used. A ten minutes inspection at the end of a run will 
disclose any bolts which may have been plugged on account of break- 
ing on the i-oad, and such bolts should be renewed at once. 

The fact that the all hollow bolt cannot be plugged while on the 
road is to my mind an objection to it. 

On account of its very short fibres, no bloom iron can possibly stand 
the vibrations that a piled iron will, as the latter is made up of long 
slim rods rolled and welded into a tough solid bar, and more nearly 
approaches copper in its fibrous structure. Some roads still adhere 
to imported bloom irons, although tests prove them far inferior to our 
best American piled irons when it coihes to vibrations. But these 
roads, like the country producing the iron, do so because they always 
have, and are willing to pay for it. 

There arc only a few of our large roads which have standard speci- 
fications for staybolt iron, and with one or two exceptions these do 
not include any test for vibrations. I think it ti'ue that most of the 
roads depend entirely on results of road tests, and rather sneer at 
laboratory tests as not fulfilling road conditions, and therefore value- 
less. Laboratory tests of staybolt iron have value, however^ if for no 
other reason than that they give comparative results, and it is safe 
to assume that if we test two irons in a manner as nearly conform- 
ing to actual service as possible, the one giving the best test results 
will last the longest in the firebox. 

A machine ^or testing staybolts for vibration while under tensile 
strain is so easily contrived, that no road need be without one. Simply 
take an old slotting machine, and arrange a connecting arm to the 
tool head which will connect with a special chuck on the work-table. 
This special chuck is made with a stout body to be bolted to the table, 
and has a clamp for firmly holding the staybolt test piece. Another 
clamp, having a jaw to receive the connecting rod is fastened on the 
opposite end of the test piece, and a coil spring inserted between the 
two clamps with a compression nut, gives any required tension on the 
test piece. The stroke of the slotter is regulated to suit the vibra- 
tion wished for (usually % inch each side of the center line on a 
radius of 5 inches) and a revolution counter will automatically count 
the number of double vibrations. 

A slotter fixed up somewhat in this way has been in successful 
use in the test department at Altoona for several years, and the same 
arrangements could be applied to a shaping machine, so that staybolt 
iron could be tested in the machine shop or tool room, quite as readily 
as in a laboratory, and we may rest assured that any iron standing 
say 3,000 double vibrations under a tensile strain of 2,500 pounds will 
meet all other requirements as to tensile strength and elongation, be- 
sides giving the more practicable value of long life in the locomotive. 
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Tiii: (iiairiian: Gentlemen, you have heard Mr. Ferguasoii'i paper, 
whif h is now open for diMMisfiion. Mr. Forsyth, will yon open the discus- 
Hioii on tills im|M»r? 

Mk. Wii.uam KoiiHYTii ( Hallway Age): Mr. Chairman, there are 
two or tlireo points In the paper thct I am rather interested In, and the 
ono particularly rolatin;; to <*oppor stay bolts, liecause I found a report 
of soiuo valna))lo (>xporlnionts on coppor stnybolts, which I thought could 
apply to iron stayl>oita also, and 1 nnulo sonio notes in regard to that 
which 1 will v:ivi» von. 

Tli<» most cln borate inv<'stiy;ntion of the strength of staybolts which 
1 h.MVc ever sc!>ii is the one by Mr. F. W. \V«*bb. formerly of the LtondoL ft 
N<»rtliwesterii road. < oinniuiil-atrd t<i tho InHtitutlon of Civil Enginetrs 
niul will be found in the Itulletin of the Intornational Railway Congress 
of August. 19<):i. The copper staybolts are 1 1-6 in. in diameter and are 
Ufr«Ml for b<»Il*Ts carryiiij.' a pressure of 2()0 pounds per square IrtCh. It 
It found that on niodiTii en^inos the number of (H>pper staybolts replaced 
equals one for every 844 mih»s mado. Tho lK>lt8 are not replaced on ac- 
count of brcNika^e. but on account of the heads melting off and leakage. 
Quite a numbtT of alloys of copper with zinc. tin. aluminum and arsenic 
have ])etMi made, but H(nie are any more satisfactory than copper. Under 
hi;rh pressure the strt>ni;th oi' the staybolt is an important matter and the 
failure of the cnppiM- staybolts is due to the rtMluction in strength at high 
temperature. An inten'stioi; experiment was made in this direction by 
Mr. Webb in whiih he Mis:»rted a thermopile thermometer through a 
hole in the staybolt nvichin^r to within one-half inch of the Are side of 
tlM' sheet, and ln» ftumd that (•oi>per bolts of the locomotive firebox may 
attain a temperatun* of THO decrees Fahr. Tlie staybolts were tlien 
test<Ml undei- tempera lures up to 750 depr* 4's Kahr., and It was found that 
coi)per had the followiu^r strength and elonjration: 

Temperature T'ltimate Strenurth Kion^ration in Inches 

Degs. Tons. Per cent- 

60 14 62 

400 10.8 54 

600 81. :» 36 

700 7.4 13 

7r/) 6»o 14 

Showinc: that the copi)er staybolt when at a temperature which it 

attains in the nreb»>x had only one-half the strenurth of tliis normal 

temperature. 

Comi are with this the steel staybolt: 

DeiTs. Tons. Per Cent. 

CO 26.S 40 

600 33 26 

600 30 34 

700 26.7 32 

750 26.5 32 

Showing; that the iron staybolt at this hi^h temperature had a 
hiffher strenirth than a copper sta*". bolt at tin* normal temperature. 
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It will be noticed that the strength of steel increased up to 600 
degrees Fahr., and then steadily deci*eased. At 750 degrees the strength 
is equal to the highest strength of copper or any of the alloys used for 
staybolts at normal temperature. Under the severe work of American 
practice, it is quite likely that staybolts attain a temperature of 900 or 
1,000 degrees Fahr., and the strength of the iron at such temperatnre is 
not more than 40 per cent of that at normal temperature. 

This all suggested to me the thought that the temperature of the 
staybolt may have something to do with the failure of the iron, and that 
the staybolt may get hotter than we have ever imagined before, and 
especially when there is a coating of scale on it. Now, it may be said 
that staybolts never break on the firebox end of the boiler, and that is 
true, but with the large amount of scale on tne staybolt, I can imagine 
that the heat is rapidly communicated through the staybolt and may have 
a high temperature at the outside end. This experiment which Mr. 
Webb made by drilling a hole clear through the staybolt within half an 
inch of the fire side and actually measuring the temperature there, is one 
that I never heard of before, and I have been wishing that somebody 
in this country would experiment on that line to find out what tem- 
perature we have in the firebox sheet and also the temperature of the 
staybolt. 

The author speaks about flexible staybolts as not being a success on 
account of the scale forming and making them virtually rigid. That same 
statement was made in a couple of reports that were read before the 
boilermakers when they had a convention here, and I was rather sur- 
prised to hear it then, and I must say that I am now, because flexible 
staybolts are used very largely by many of the best roads, and they 
must have found them to be of some advantage, or else they would not 
continue to use them so extensively, and 1 should think that the slight 
amount of scale that does form would be easily worked off by the motion 
of the bolt and that would not be an objection to it. I think you will 
find that more flexible staybolts were used in the last six months than 
ever before; they are really coming into more general use. 

In regard to the strength of staybolt iron and the method of testing 
it, I have thought th.at there must be some relation between the tensile 
strength and elongation and the vibratory strength, or vibratory quality 
and when the best staybolt iron is found by vibratory test, if we found 
its tensile strength and elongation, that we ought to be guided by the 
tensile strength only in finding a good staybolt iron. You could easily 
exclude the iron made from blooms, if necessary, by the etching test. 

M. K. Barnum (C, R. I. & P. R. R.): Mr. Chairman, I have had 
some* experience with various types of staybolts and my experience 
with those so-called flexible staybolts which rely on a bushing in the 
outside sheet, and have the staybolts screwed into them, have not proven 
what they are claimed to be in the matter of reducing failures. On one 
road with which I was connected, we tried the practice of applying this 
class of flexible staybolts to the forward and back upper corners of the 
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side sheets where we found the most broken stay bolts occurred in 
ordinary practice, and after trying them for two or three years, the 
advantages were found so few that we went back to the ordinary type 
of straight staybolt. We afterwards made a test of some flexible stay- 
bolts with a ball joint in a bushing, screwed into the outside sheet, 
and having a cap or plug screwed into the busliing through which the 
staybolts were applied, but the results I am unable to give. From the 
experience we have had with this class of flexible staybolts, and also 
with reducing the diameter of staybolts between sheets, I think that a 
staybolt, in order to be successful in resisting breakage, must be actually 
flexible and susceptible of movement in the outside sheet, or bushing if 
bushing is used, in order to have any positive advantage over the old 
type of straight stayboit. With the staybolts turned down between the 
inside and outside sheets, we found that they continued to break next 
the outside up to a point where they were mode so small in the center 
that the fracture was transferred to the weaker point; i. e., at the smallest 
diameter. This was dangerous because with the safety holes used for 
detecting broken staybolts, we could not determine a broken bolt of this 
character, and they were abandoned. 

My experience with broken staybolts has been that at least four- 
fifths of the broken bolts in the ordinary type of narrow firebox occur 
in the upper corners of the side sheets, about equally distributed be- 
tween the front and the back upper corners, and that the balance are 
in scattered locations in the side sheets, but more especially near the front 
and the back edge of the side sheets. My experience has not agreed 
exactly with that mentioned by Mr. Fergusson, where he says that most 
of the staybolts broke at the narrow part of the water space, or toward 
the bottom of the firebox. 

Mb. a. L. Humphrey (Westinghouse Air Brake Co.): I do not like 
to discuss a paper that I have not read, and unfortunately I ai-rived too 
late to hear it read. However, the staybolt question is something that I 
have had considerable experience with,, and about the time I gave up 
railroading I came to the conclusion that what I did not know about 
staybolts would fill a great deal larger book than what I did know about 
them. • My experience with staybolts has been that they are very con- 
trary. You can figure out on one boiler what causes the trouble which 
produces the breakages, and remedy what you think is the cause; on 
another boiler of similar construction you will find results directly the 
reverse, so that in about ten to fifteen years' experience, in watching the 
staybolt question closely, I came to the conclusion that I knew little, 
if anything, about it. 

The paper mentions the fact that the narrow water space caused 
more broken staybolts than the wide one. That was true, until we got 
what is known as the wide firebox. The greatest tro^ible I have had the 
last few years with broken bolts has been in the top portion of the 
box of the locomotive boiler constructed with the wide box, near the 
top where the bolts are the longest. I have had locomotives of the 



Staybolts 73 

modern type that have broken as high as 100 staybolts in one month. 
This would occur on a locomotive running in bad water sections. Another 
locomotive constructed on identically the same plan as the locomotive 
I have mentioned, but running in a good water district, would not have 
a single staybolt applied during that time. Does not that indicate that 
the action of the water on the hot slieets, and the boat that has been 
mentioned by Mr. Forsyth have more to do with it than the peculiar design 
of the staybolt? Now, understand me, I do not advocate any old kind 
of iron for the use of staybolts. I have experimented with them, and I 
found that the very best of iron is not any too good for staybolts. I 
believe in the propei* tensile strength, in the elongation tost and vibratory 
test; these procure iron that will stand these requirements as near as 
possible; apply your bolts at right angles as near as possible with the 
sheets, turn them down between the sheets to the bottom of the thread. 
I believe this is about all j'ou can do, unless you apply the flexible bolts. 

Mb. G. W. Farmer (A., T. & S. F. Ry.): I would like to ask Mr. 
Fergusson if he can give us the result of those twenty-nine inspectors' 
tests^ that is, a table showing how many broken staybolts tliere were 
in each boiler and how many they found. Of course, the paper states 
in a general way, but it does not give the actual test results, which will 
be a little more in detail. 

I agree with Mr. Barnum that most of the staybolts are found broken 
in the corners, that is, with the old firebox, and with the wide one also. 
In regard to the elongation, and the temperature of the iron at 500, 600 
and 700 degrees, as mentioned by Mr. Forsyth, I would ask if there were 
any tests made to show the elongation as well as the strength at those 
different temperatures? The getting of the temperature of the whole 
staybolt made me think of a test made some years ago that was really 
about on the same plan, but was, to showing the circulation of the 
water, by drilling a hole through the outside sheet and putting in a 
hollow brass plug and inserting the thermometer in that plug, immersed 
in an oil bath. That brought it to my mind again. 

Mr. F. Stj^ter (C. & N. W. Ry.): I do not think that I can add 
anything to the staybolt question. It is something that we have all had 
a great deal of experience in, and perhaps do not know as much about 
as we ought to. I agree with all tliat is said about staybolts breaking 
in corners more readily than anywhere else, and that is due, in my 
opinion, to the greater expansion at that point. The road I am connected 
with has very little trouble with staybolts. All our locomotives are 
drilled from the outside, from a depth of an inch and a half To one inch 
and three quarters, and the staybolts are removed when found broken 
at any time. With the staybolts being examined and removed in that 
way, we have never had very many broken staybolts at any time. A 
regular inspection is made every thirty days. 

I have heard some of the gentlemen present say that it was a good 
idea to turn the center of the bolt to the bottom of the thread. I fail to 
see tliat that is going to be of any benefit to the bolt whatever, for the 
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reason that the bolt breaks in the first thread from 'the outside sheet, at 
least that has always been my observation. I never knew a bolt to 
break anywhere only in the first thread at the sheet. Now, you can 
readily see that it is going to be very difficult to turn a bolt up as close 
as that to a sheet and have it to be of any value and therefore turning 
the bolt down in through the center is not going to prevent a bolt 
breaking at the thread, and the labor on the bolts in turning them down 
is thrown away. 

I believe in using good iron, iron that is shown by test to be of 
the proper strength and one that will stand a great number of vibrations. 
But the nature of iron changes very rapidly after it is put into use in a 
boiler on account of the temperature changing continually, and an iron 
that will test very nice and soft and stand a great number of vibrations 
will not stand anywhere near that number when put into actual service. 

The Chaibman: Gentlemen, this is a very interesting subject, and 
I do not tliink the discussion has been entirely covered. I do not like to 
start at one end of the row and go to the other, calling names, and if 
any one has any discussion to offer, we will be glad to receive it. 

Mb. Humphrey: In regard to the matter of turning down between 
sheets to the bottom of threads, it is a well-known fact that the modern 
engines carrying a pressure of 200 to 225 pounds of steam break a great 
many more staybolts than when they were carrying 150 to 180 pounds 
of pressure. I attribute that as much to the fact that the former 
engines had thinner sheets; the sheets being thin, they were a great 
deal more pliable than they are to-day with the heavy sheets necessary 
to carry the higher pressure. In order to overcome the rigidity of these 
heavy sheets, the staybolts should be properly screwed and riveted to 
the sheets, then by turning them down in the center, as referred to, it 
will give them needed elasticity. We know that it is not the strain 
on the staybolt that breaks it, it is the vibratory action, or the rigidity 
of the sheets, and the heating and cooling of the iron that does it. In 
my opinion we come very near getting back the action of the light sheets 
by reducing between the sheets to the bottom of the threads as I de- 
scribed. That is why I advocate it. 

Mb. Fobsyth: I think we would like to hear from the chairman on 
this subject. 

The Chaibman: Our experience with flexible staybolts has been 
that they filled up with scale around the flexible head, which rendered 
the flexibility inoperative and tliat they broke just the same as the 
threaded staybolt, and we have done away with putting in flexible stay- 
bolts of any description. If it were possible to keep the lime incrusta- 
tions away from the flexible head, I have no doubt that it would be a 
very good thing, but up to the present time they have not proven a 
bit better than the common screwed in staybolts. 

The straight, solid bolt generally breaks at the outside sheet. The 
statement has bean made this afternoon that they always break at the 
outside sheet. I have had one or two cases called to my attention 
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where they broke next to the firebox sheet; this occurred in the throat 
sheet. I do not know what particular action caused the breakage on the 
inside sheet, but it is so very infrequent that it can cause no alarm. 

The reduction of the diameter of the body of the staybolt has 
proven beneficial because it makes the bolt slightly more flexible. I do 
not think any one would claim that it would do away with broken stay- 
bolts, but it is a fact that it prolongs the life of the staybolt. At one 
time we went into the matter very thoroughly, and kept some very 
accurate data on the subject, and found that in a firebox that had 
turned down staybolts on one side and the threaded staybolts on the 
other, that the turned down bolt did not break as frequently at first as 
the straight bolt, showing it had a longer life, but after a length of 
time the turned down bolt commenced to break about as frequently as 
the straight threaded bolt, showing that they are not absolutely free from 
breakage. 

With reference to the reduction of the bolt, great care must be taken 
not to get the curve too deep, as that will weaken the bolt in* the middle, 
and, if the bolt breaks in the middle, there is no means of knowing it is 
broken, so that the design should be made with the idea of having the 
bolt break, when it does break, at the outside sheet, where the tell- 
tale hole will give evidence of the broken bolt. 

Mr. Fergusson speaks of bloom and piled iron, and I think that he is 
correct in his statement that piled iron of good quality will give better 
results in staybolt practice than bloom iron. In some tests that were 
made at one time we find that piled iron had about 75 per cent greater 
resistance to vibratory strain when vibrated at right angles to the line 
of the piling than when vibrated in the line of the pile. My explana- 
tion of that fact is that when the staybolt commences to break, due 
to the vibration, it breaks through the first pile and then has to start a 
fresh break in the second pile. The line of slag in between the two piles 
of iron makes an absolute check in the fracture, and the crack which 
starts through the first pile ends in that pile, and a fresh crack has to 
start in the second pile, whereas, with the vibrations in line with the 
pile, the crack starts and breaks straight through. We find that that 
is particularly true with steel. At one time stec^l staybolts were thought 
to be a solution of the staybolt problem, but those who tried steel stay- 
bolts soon found that they were practically worthless, and that was 
due to the fact that the crack which would start in the staybolt, due to 
vibration, broke through very much more rapidly than it broke through 
the iron, although it might have been a fact that for a sinjxle bend the 
steel gave great deal better results than the iron. 

I would like to touch on the subject of leaky staybolts. We 
have found that one of the prolific causes of leaky staybolts In 
fireboxes is due to poor workmanship, and we have been able to do away 
with serious leakages of this sort by care to see that the threads on our 
staybolts numbered exactly twelve per inch and the taps cut exactly 
twelve threads per inch. By doinc: so wo have a staybolt which fits 
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the threaded sheet, .aiid there is no crowding one way or another. We 
have also found in practice tliat the use of tallow on staybolt taps is 
veiy satisfactory. It gives an €»xcellent thread and does not make the 
muss that lard oil does. 

Mr. E. H. Symington (Railway Appliances Co.): I would like to 
make a few remarks in regard to testing staybolts. I recently had 
charge of some very interesting tests on the Ivehigli Valley R. R. of 
several different kinds of staybolt iron. We rigged up a testing machine 
which we made out of the head stock of an old lathe placed on a rigid 
foundation. Ry putting an eccentric on the lathe spindle we obtained 
a vibratory arrangement very much as Mr. Fergusson describes. We 
tested about ten different kinds of iron, including several imported brands, 
and the first thing we did was to tind out which brand of iron gave the 
best results. Theu we started in to determine what effect the shape, etc., 
had on the bolt, also whether it was advisable to use an iron of smaller 
diameter and upset the ends, and we deduced from that part of the 
test the fact that we imquestionably would get better results by turn- 
ing down the bolts at the center. We figured out eventually that 
althougli we got a more flexible bolt that would stand a greater number 
of vibrations, the benefit from doing that did not make up for the extra 
cost of the staybolt. Tlie tests were as near working conditions as 
possible, and that was done by accurately screwing the staybolt into 
two pieces of sheet iron, representing the thickness of the firebox and 
outside sheets, and the spring that was put into the testing arrangement 
was calibrated to give a tension iii the test specimen corresponding to 
200 pounds boiler pressure, which we were using on the wide firebox 
engines that were giving us most trouble at tlie time of the test. 

In regard to these tests, I would like to bring to the attention of 
the meeting the fact that a great many errors will creep in and unless 
the errors are reduced to a minimum the test is of little value. We 
found out that under exactly the same conditions, bolts that fit a little 
loosely in the sheet would vibrate a thousand times more than those 
that were very tight, and that explains, I believe, why the staybolts 
sometimes break at the inside sheet, which Mr. Carney said he had noted 
and we concluded that this was the result of their being much tighter 
in the inside than in the outside sheet. 

The most interesting part to me of the whole test was a test of 
nickel steel bolts furnished by the Bethlehem Steel Company. We did 
not know what the analysis of the steel was when it wa>< fm'uished; 
they simply sent down some staybolts to us and desired us; to make a 
comparative test. We, however, ran a tension test, the piece breaking at 
about 125,000 lbs. and the interesting part of the test was that the number 
of vibrations it toolv to break the nickel steel bolts under tb.e same 
conditions as to the bolts made of iron was about ten to one. The 
trouble with the nickel steel is that it is very difficult to run a die on 
the bolt to get the threads. We chased the threads on a lathe, and 
although they were not using nickel steel staybolts on that rond for 
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many reasons, and on account of the expense and trouble in turning 
threads on them, nevertheless the results of the nickel steel test were 
so favorable as compared with the best iron bolts that it opens up an 
interesting point for discussion as to the use of a still higher grade of 
staybolt material. 

Mr. W. B. Waggoner (Butler Drawbar Attachment Co.): This 
question is vei-y interesting in regard to the two classes of material, 
bringing up the point as to whether the best material for staybolts has yet 
been found. We are all very familiar with tests under which staybolts 
are broken and as to the vibratory strain and tensile strain. The question 
seems to me bar never r.een brought up or studied, at least in my expe- 
rience, as to whether wo have had the best material for staybolts. We 
certainly have used all sorts and kinds, and, as shown in Mr. Fergus- 
son's paper, the ordinary teats of staybolts are practically worthless. 

I know of an engine that was carrying 160 pounds pressure fitted with 
the ordinary firebox that was tested weekly for broken staybolts; when 
it came in for repairs, ?t had over :!00 broken staybolts, much to the 
surprise of everybody, and we started out to s;'o if anybody could tell 
where the broken staybolts were. The result was about as indicated by 
Mr. Fergusson's paper. 

There certainly is a better material for staybolts than the ordinary 
best grade of iron that is ordinarily used, and the subject is certainly 
one that ought to be gone into, I think, by the test department to a 
sufficient extent to discover, if possible, what is the best material. It 
would pay, it seems to me, to put in better material, and even more 
costly material than is usually put in if it can be obtained. The question 
is whether some composition, possibly containing copper, would not 
bring around a better result, because it is an important thing and one 
which, with the ordinary inspection, it is almost impossible to discover, 
and with the high pressure that is being carried on locomotives these 
days, certainly the very best material that can be obtained on staybolts is 
one that is of paiamount necessity. 

Mr. Slater: I would like to ask the last speaker whether they 
are using the drilled staybolt. He said a certain engine had 100 broken 
staybolts, that looks to me to be rather a serious affair, and if the 
bolts were drilled, I do not see how they can have any broken stay- 
bolts without knowing it. We know whenever they are cracked at all, 
by a slight formation of lime around the opening. 

Mr. Waggoner: No, these were not drilled staybolts, they were the 
ordinary kind. 

Mr. Symington: I would like to bring out another feature, and that 
is that we tested bolts under similar conditions that had drilled and 
also that had punched tell-tale holes. We found, although we could not 
account for it, that unless the punch annealed the iron somewhat, that 
the staybolts that were hot punched withstood a greater number of 
vibrations than those that were drilled. These tests extended over a 
period of two or three months and were very carefully made. 



78 Proceedings Western Railway Club 

The Chairman: Any further dipcussion on this paper? If not, Mr. 
Fergusson, will you close the paper? 

Mb. Febgusson: Mr. Forsyth spoke of the copper staybolt being 
weakened very much by heating and also about drilling and testing the 
temperature with thermometer, pointing out what the temperature was. 
I know nothing about such a test and have not seen the report that 
he spoke of, but it occurred to me that the heat would be absorbed by 
the water taking it off as rapidly as it was formed. I should think that 
would have a reactionary tendency that would overcome any dangerous 
temperature at the outer sheet. 

Regarding flexible bolts and the scale causing them to be inflexible, 
what Mr. Carney said had been his experience, certainly has been mine 
also. I have examined a great many flexible bolts made with a bushing 
that had a ball joint and cap screw, and the scale would form between 
the cap and the bolt and make it as rigid as solid iron. One of the most 
practical and best flexible bolts that I know of was used by the Pennsyl- 
vania Railroad, and is to-day so used. It is a bolt that was designed 
by the foreman of the boiler shop at Altoona and is flexible simply be- 
cause it gives greater length of bolt. I will not mention the bolt by 
name, but I have no doubt that all of you who are familiar with the 
subject know to which holt I refer. It was simply a cap screwed into 
the outer sheet and the bolt was screwed into the cap and riveted there, 
and it gives about an inch to an inch and a half more length of bolt, 
and these bolts may last 100 per cent longer than the solid bolt. On ac- 
count of the cap sticking out so far beyond the outer sheet, they are only 
practical on a small area of the box. 

Mr. Barnum spoke about my stating that bolts break at the narrow 
part of the box instead of at the top, that being contrary to his expe- 
rience. He misunderstands me. I say that a firebox which had practically 
the same width of water leg all the way up would have the bolts broken 
in the corners, but a firebox which is designed with the narrow part 
of the box at the mud ring and extending up to a wide waferspace at 
the top, would have very many less broken bolts at the upper corners 
than the box which has the water leg parallel. 

Another gentleman spoke of noticing some bolts that broke at the 
top corners where it was much wider. T am unable to account for such 
a condition; it is something unusual. 

Regarding Mr. Farmer's request in reference to the test that I 
have mentioned in the paper, that test was made by the Pennsylvania 
Railroad at their shops at Sunbury, on the Philadelphia and Erie Divi- 
sion, and the tests were incorporated in blueprint form and are in the 
files' of the Pennsylvania Railroad. I have not kept copies and they 
are not for publication, so far as I know, therefore I cannot give you the 
exact figures, but the general results I remember vgry well indeed, and 
I have stated them in the paper. Possibly they will give you that informa- 
tion if you care to request it of them. 

Most of the questions that have been brought up have been answered 
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by one or the other of the members who have spoken, and I have nothing 
further to say. I was very much interested in the description of the 
tests which Mr. Symington mentioned, and while it may be true, as I 
say, that laboratory tests do not demonstrate conclusively just what will 
happen on the road, I still am of the opinion that comparative laboratory 
tests will give comparatively the results which will be found on the 
road. 

The Chaiema:?: Gentlemen, we have another i)aper before us this 
afternoon entitled 'Train Pipe Leakage." by Mr. C. C. Farmer. The paper 
is af« follows: 
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TRAIN PIPE LEAKAGE. 
By C. C. Farmer. 

While the causes for train pipe leakage and methods and means 
for preventing it^ have been quite thoroughly discussed by the various 
railroad clubs and associations, a visit to any railroad yard for the 
purpose of inspecting brakes in trains will, I believe, convince us that 
excessive leakage exists and that much of it would not exist if the 
piping had been properly erected and a little more attention given to 
it at regular intervals, i. e., when the brake is cleaned. 

Contrary to what might appear to be the case a lieavy leak from 
the train pipe on a car is frequently not as serious as a small one for 
the reason that it can be quickly located by the car or train men and 
will either be repaired or the car switched to the rear end of the train. 
While a small leak which alone will not waste any considerable quan- 
tity of air, is difficult to locate and when Yound is not considered bad 
enough to warrant the loss of time necessary to repair it or to switch 
the car to the rear, therefore, is given little or no attention. Follow- 
ing this from day to day we find such leaks increasing in number and 
eventually enough brakes containing them bunched in one train to 
render the maintenance of standard pressures difficult, if not impos- 
sible, at the same time unless conditions are very favorable but little 
leakage can be located. With the long trains now handled such condi- 
tions become quite serious. When we consider that a 9^/.-inch air pump 
requires 176 strokes per minute to maintain 90 lbs. main reservoir pres- 
sure against a leakage orifice 11-64 inch in diameter, the effect of num- 
erous small leaks will readily be appreciated. 

In view of the facts stated above and that train pipe leakage can- 
not be cut out and the defect carded to indicate that repairs must be 
made at a later date when the car is not in the train, except when 
the leakage occurs between the cut out cock and the triple valve, we 
can understand why what appears to be an unnecessary amount of 
time is used in getting trains ready to start from a terminal or as is 
too frequently the case, trains leave the terminal with train-pipes in 
such condition as to cause serious delay and sometimes expensive acci- 
dents while on the road. 

Train-pipe leakage necessitates an increased speed of the air pump, 
which in time results in air pump failures, now classed as engine fail- 
ures. Another very serious result, sometimes caused by train-pipe 
leakage, particularly when pumps are overheated, is to prevent the 
air remaining in the main reservoir long enough to cool to atmospheric 
temperature and drop its moisture, therefore, the water is precipitated 
in the train pipe where it freezes in cold weather. 

Train-pipe leakage is frequently increased, especially in cold weather, 
by hose coupling leakage caused by the stretching of heavy trains. 
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If the train pipe is comparatively tight otherwise, this additional 
leakage will in the majority of cases, be supplied by the pump, but 
when the leakage is already taxing the pump's capacity, we can ex- 
pect the air pressure to fall, apply some or all of the brakes, and stall 
the train. These conditions are most likely to occur when the engine 
is working hard and at slow speeds; therefore, sand is often required 
on the rail and the use of the air operated sander will add to the con- 
sumption of air and further increase the liability to the troubles above 
mentioned. This is especially true if the engine is equipped with a 
D-8 or other engineer's brake valve using an excess pressure valve to 
feed the train line. The stalling of trains always causes expensive 
delays and is frequently followed by damage to draft rigging when 
an effort is made to again start the train. 

• Heavy train-pipe leakage, coupled with the loss of excess pressure, 
increases the difficulties and dangers of handling trains on heavy de- 
scending grades, and also the liability to break trains in two when 
releasing brakes on long trains, the serious results of which are too 
well known to require discussion at this time. 

Leakage through porous air hose is the most difficult of any to 
locate as car and train men usually detect leakage by sound and no 
other leak in the brake system can discharge as much air with as little 
sound as this one, on account of the discharge being distributed over 
such a large surface. The effect of air hose leakage of a given volume 
is much more serious than from any other point in the train pipe for 
the reason that moisture is carried into the duck causing it to rot and 
eventually the hose to burst, resulting in serious delay and often seri- 
ous damage to cars and lading. 

The causes for train-pipe leakage are mauy, but are generally of 
such a nature that they can be easily eliminated, and if we can by a 
little care, and perhaps a small increase in first cost, so assemble and 
attach the piping to cars that, say only 25 per cent of the leaks now 
found in trains will be prevented, and the majority of such leaks as 
will occur from time to time restricted to points where they can be 
quickly and easily located and stopped by car or train men, we can 
say, without endeavoring to show the exact saving in dollars and 
cents, that a good investment has been made; also, that if we provide 
means for pipe testing and repairing at all points where brakes are 
erected or cleaned and insist upon this work being done in a proper 
manner, we will further reduce the number of leaks that must be either 
stopped after a train is made up, or be supplied by the air pump. 

Experience has proven conclusively that where care has been exer- 
cised and work on the piping of the brakes has been properly per- 
formed and up to standard, and that the proper system of inspectioh 
has been enforced, delays to trains in the yards and on the road are 
very materially reduced and the expense of such work increased very 
little, if any. 

Many brake cylinders and auxiliary reservoirs are attached to the 



82 Proceedings Western Railway Club 

cars in such a manner as to permit the cylinder to move more or less 
each time the brake is applied. This is sometimes due to iusufl&cient 
strength in the plate or straps on which the cylinders are carried and 
often by tlie cylinder block being so attached to the car sills,- or the 
bolts holding the cylinder on the block so applied that thoy cannot be 
properly tightened after tlie blocks and sills shrink without first re- 
moving the cylinder and its block from the car body; therefore, the 
cars are very liable to. and do leave the repair tracks with the cylin- 
ders loose. When these conditions exist on cars fitted with the de- 
tached cylinder and reservoir, leakage in the pipe between thQ cylinder 
«ind reservoir, will be common, and with the combined cylinder and 
reservoir excessive triple valve union joint leakage wilf be found. 
Attaching the brake cylinder and auxiliary reservoir . rigidly to the 
car and in such a manner that they can be quickly, retightened on. the 
repair track, if they become loose, will eliminate practically all of 
the leakage occasioned by the above mentioned defects. 

Pipe union joints located back of hoppers or other inaccessible 
places, as is common in some types of cars, are ^uitful sources of 
leakage that are impossible to locate under conditions usually existing 
in train yards, and when leakage is located is often difficult to stop, 
therefore, it is always advisable to locate train pipe unions in an acces- 
sible position even if it necessitates the use of an additional threaded 
pipe connection, which is often the case. 

Pipe threaded with badly worn or otherwise imperfect pipe dies 
will usually leak unless the threads are well coated with lead or cement, 
neither of which can always be depended upon to produce or maintain 
a perfectly tight joint under these conditionf?, A safe rule to follow 
when fitting up piping is to require the use ,of dies that will produce 
threads perfect enough to make up a tight joint when coated with oil 
to prevent cutting. Lead or cement applied to such threads will be 
found beneficial. 

Union joints, to remain tight under Jthe severe conditions of road 
service, must go together without springing the pipes to any extent 
and with the gasket faces nearly parallel. Prepared leather gaskets 
should be used in all unions for the reason that they will yield suffi- 
ciently to produce a tight joint with reasonably true union faces, and 
yet when the union nut is properly tightened will prevent vibration in 
the joint, the result of which is to loosen the nut and cause leakage. 
A leather gasket will not blow out if the union is loosened by vibra- 
tion, as is the case with rubber gaskets, therefore, leakage from a 
union fitted with them can always be quickly stopped by tightening the 
nut. 

The location of angle cocks outside or back of the position fixed 
by the M. C. B. association, a not uncommon practice, is equivalent to 
shortening the air hose and increases the leakage between hose couplings 
when the hose tubes are frozen, also when the draw bars pull out far- 
ther than they should. Insufficient clearance between the angle cock 
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handles or keys and the dead wood permits the latter, when loose, 
to force the cock key from its seat and produce serious leakage, and 
in a short time ruin the fit of the key in the cock body. This trouble 
can be found on some cars in nearly any railroad yard and should be 
prevented by providing not less thin 1^-inch clearance between the 
end of the angle cock and the deadwood. 

No matter how well the piping on a car has been put together if 
it is not securely clamped at enough points to prevent all vibration, 
and in such a manner that it cannot be shifted toward either end of 
the car by the heavy strains it is sometimes subjected to in service, 
leakage will occur frequently in the union joints. In this connection 
we can say that only a comparatively small percentage of the train pipes 
on cars are attached to the car sills with a sufficient number of clamps 
to prevent vibration, also, that the construction of many of the clamps 
is such that they do not hold the pipe solid. 

Leakage from between air hose couplings and through hose tubes 
is frequently caused by train men or others pounding down the hose 
coupling guard arm to stop the leakage that results from worn or 
damaged coupling packing rings. Hose couplings in this condition can- 
not be coupled properly or uncoupled, easily by hand, and require con- 
siderable force to pull them apart, a too common practice, which results 
in such heavy strains on the air hose that if it does not tear the hose 
off, usually damages it in such a manner that it will soon commence 
to leak or burst. Hose couplings in the condition stated are frequently 
fitted in new hose tubes and returned to service, a bad and expensive 
practice that should be stopped. 

Pulling air hose couplings apart instead of separating them by hand 
is the direct cause of more train-pipe leakage than any practice fol- 
lowed by trainmen, for it strains and therefore weakens the hose near 
its upper end, the point where most hose failures occur, and also shifts 
train pipes from their correct position. If it were possible to com- 
pletely stop the bending down of coupling guard arms and get all 
damaged couplings now in service repaired or discarded, the practice 
of pulling air hose apart would not be followed by such serious results, 
except when the couplings and gaskets are frozen, but as this is prac- 
tically impossible the next l>est thing to do is to require air hose to 
be parted by hand and the only satisfactory method known to the 
writer for accomplishing it is to have the work done by car inspectors. 
Against this it may be said that more car men will be required to do 
the work in busy yards, but the employment of a few car men is only 
a question of dollars and cents to the railroad company. So also is 
the practice of pulling hose couplings apart, for some of the results 
of this practice, such as burst air hose in long air braked trains, are, 
as you know, very costly. To this latter item of expense may be added 
some of the delays to trains and interference with train handling re- 
sulting from excessive train-pipe leakage, also a percentage of the new 
hose purchased and the maintenance of train pipes. An examination 
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of a few hose couplings on cars in trains, will, I am quite sure, con- 
vince you tliat many coupling guard arms are bent down and I doubt 
if you will have much trouble in finding some so badly bent that they 
cannot be pulled apart by hand even with the coupling packing rings 
removed, in which condition they should fall apart. 

Another common cause for leakage between hose couplings is the 
practice of trimming the flange of the hose coupling packing rings to 
permit them to pass freely into the coupling grooves without cleaning 
the latter. This ruins the fit of the packing ring and permits air to 
pass around the flange, therefore, the practice should be stopped. If 
the men applying coupling packing rings are furnished with, and re- 
quired to use a suitable tool for cleaning the coupling grooves, coupling 
packing rings can be easily inserted without trimming or otherwise 
changing their form. 

When air hose are not properly coupled together, as sometimes 
occurs, the gaskets are forced out of shape. Occasionally they will re- 
turn to their original form when the couplings are parted, but in cold 
weather they are very liable to retain the form in which they were 
forced by improper coupling. If the car is equipped with the modem 
dummy coupling, and the hose is attached to it when uncoupled, the 
boss on the face of the dummy coupling will restore the gasket to its 
correct shape, thereby very materially reducing the liability to leakage 
when again coupled with a hose coupling. The benefits derived from 
the dummy coupling as stated, are alone sufficient to warrant the 
railroads that have done away with them in again applying them to 
all cars. 

A failure to locate and stop all leakage on new cars and cars that 
are on shop tracks for cleaning, causes unnecessary trouble on the road 
and expensive repairs in yards. All leakage should be located by 
charging the brakes to standard pressure and painting the joints and 
air hose tubes with soap suds, and when any leakage is found in the 
joints, repairs should be made, and if in the hose tube the defective 
hose should be removed and the tube destroyed by. the man that removes 
it, to prevent the hose being returned to service. 

Putting in vogue on an important eastern road the system of 
inspection and workmanship suggested in the foregoing, resulted in 
reducing the number of burst air hose at least 90 per cent; also delays 
on account of failure to air pumps and repairs to same, and the num- 
ber of draw heads pulled out and broken, the latter of which is one 
of the most vexatious problems that railroads have to contend with. 



The Chairman: Gentlemen, you have heard Mr. Farmer's paper. 
We regret that we were ur.abl3 to distribute this among the members of 
the Club before and are compelled to distribute it here at the meeting. 
Owing to the fact that another paper which we had anticipated present- 
ing to-day failed to reach us, this paper was prepared on rather short 
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notice. You have all heard the reading of the paper, a very interesting 
one, and a subject that I think all of us who are railroad men have had 
more or less experience \vith, that is, leakage in air brake parts. Mr. 
Cota, will you open the discussion on this paper? t 

Mb. a. J. CoTA (C, B. & Q. R. R.) : This paper presents a great many 
important points; some of them have been thoroughly discussed, but it 
appears that one of the important points to be observed i^ the fitting 
up of an air brake car properly when the car is first built. The start 
should be made with the piping; all threads should be cut clear so that 
air-tight joints can be easily made. The brake should be thoroughly ex- 
amined by a competent car inspector, or some one whose duty it will be 
to test for leaks.; The piping should be thoroughly clamped to stop 
all vibration, and if th.it is done very many of the train pipe leakages 
we now find will be done away with. 

Mr. Farmer has brought up a point here about leakage through the 
air hose. We find that this is one of the most troublesome points that 
we have to contend with, and from the very reason that the writer has 
suggested. The leak is not easily detected, and in many of the yards 
throughout the country it is the custom now to test the hose by throwing 
water on the same after the pressure is pumped up. 

The writer refers to the location of the angle cocks, and of their 
being in a position outside or back of the point fixed by the Master Car 
Builders* Association. We are not having as much trouble now from the 
wrong location of the angle cocks as we did some time ago, but I believe 
this is due to more thorough inspection and a more thorough under- 
standing of our air brake men as to what is required. We have found a 
great many leakages caused by the trimming of the flange of the packing 
ring or coupling basket I believe that this point has been thoroughly 
discussed and our repair men now understand that if the groove is thor- 
oughly cleaned the ring can be placed in position without trimming. 

There is mention made here of the uncoupling of hose by hand. We 
all know that a great many of the yard men in switching cars simply 
close the angle cocks and switch the cars out, but in one yard that I 
visited a few days ago I found that it was the practice that whenever 
the engine foreman got the bills for his train— his switching list— that one 
man was sent out to uncouple all hose by hand, and the report was made 
that the results were highly beneficial. It seems to me that a good point 
is to instruct all car inspectors thoroughly in regard to what trouble a 
leak will cause an engineer in handling an air brake train. I believe that 
most of the air brake inspectors are now making a specialty of that part 
of the work, and if all car inspectors understood thoroughly that the 
slight leaks in the train pipe will do exactly what the engineer does 
when he wishes to stop, they will be more careful. We find that occa- 
sionally trains are broken in two as the result of leaks in the train pipe. 
That is brought about, it appears, by the engineer following out his in- 
structions and reducing irom five to eight pounds of train pipe pressure 
as the initial reduction, and the leaks in the train pipe then still further 
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reducing the train pipe pressure, setting the brakes harder and causing 
the en^neer to release the brakes before he gets to the point, or water 
tank, or coal chute where lie wishes to stop. He releases the brakes 
while the train is in motion, and we all know what the results have 
been. 

Another bad feature about train pipe leakage is that, particularly 
on short trains, we ha^e brakes applying emergency when the engineer 
says he has made but a service reduction of train pipe pressure. I 
believe that if our car inspectors were more thoroughly instructtHl we 
would get far better results in handling brakes on the road. 

Mr. C. H. Doebleb (Wabash R. R.): I am fortunate in not having 
the care of cars, but liave the care of locomotive equipment only. We 
know of the trouble of train line breakage, its effect on the air pump; we 
also know the complaints that are made of the engineer from using 
emergency applications when lie claims that he has only made the 
service stop. I think that this whole matter can be summed up under 
three points— careful inspection of material, careful workmanship and 
careful inspection by the car inspectors and others in looking after the 
equipment. 

Mr. J. B. Roach (C, B. & Q. Ry.): There is one point that I hear 
considerable complaint on in different parts of our system that Mr. 
Farmer has not touched on in regard to train pipe leakage, and that is 
the location of train pipe on the cars and on engine tenders. In going 
through different shops I have noticed that several different times, espe- 
cially on engine tanks. The Master Car Builders' Association, I under- 
stand, requires the train pipe location thirteen inches from the center of 
drawbar to the center of train line, and in many cases I have found the 
train pipe located all the way from thirteen to twenty-two inches from 
the center of drawbjjr, which is equivalent of course to a too short main 
connection, and in a good many cases apply the brakes, while snow or 
frost or other drawbacks causing the drawbar pull to be a little bit 
stronger than usual, the distance of the train pipes to the hose is suf- 
ficient to apply the brakes, and in a great many cases you will find more 
or less leakage on account of the hose being stretched. T think that is 
a point that should be looked after in the shop and repair yards, to see 
that the train pipe is located according to the M. C. B. standard. In 
that way I think it will eliminate a great many of the train pipe leakages. 

Mr. Barnum: I recall one very interesting case which illustrates 
the importance of locating the angle cock properly. On the road with 
which I was recently connected, we liad a case where the engineer 
started down a long grade averaging from twenty to thirty-five feet per 
mile, with a train of about forty cars, and after he had gone several 
miles he had occasion to stop and take a side track to meet another 
train, which fortunately was not yet in sight, and he ran by the switch 
about a mile. The train men looked along the train to see what the 
trouble was, and found an angle cock in one of the cars partly shut off. 
They turned it in the proper position to let the air pass through the 
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train pipe and backed up to the side :rack, and after the otlier train had 
passed the engineer pulled out and ran along to a point wliere he was 
to get orders, and ran by about half a mile. He was looking out for 
trouble on account of his previous experience, and the trainmen again 
looked the train over and found the same angle cock partly shut off, but 
did not locate the cause of it. The next time the engineer had occasion 
to make a stop he found that he had only partial control of his air and 
ran by the proper stopping point the third time. He then went back to 
look the train over for himself, and found the angle cock on this par- 
ticular car located so that the top of it struck the under edge of the dead- 
wood. The plug in the angle cock body was quite loose, and the pipe 
was loose in the clamp, and the result of the continual vibration of this 
pipe and the pounding of the top of the plug against the deadwood grad- 
ually shut this valve off. The car was set at the rear of the train and he 
experienced no further trouble, fortunately having escaped a serious 
accident by reason of theie beinj? nothing in the way. We took this car 
to our repair tracks and found that by taking hold of the air hose and 
shaking the pipe in the manner that it would naturally vibrate wljen 
passing over the road, the cock would be regularly shut off within a very 
short time. This trouble was due solely to the improper location of the 
cock, and I have no doubt that other accidents which have been unex- 
plained may have been caused in the same manner, but the men who 
were victims of the accidents were not fortunate enough to locate the 
exact part where the trouble had existed and have had to stand the 
consequences. 

Mb. H. F. Ball: Considerable has been said about the inspectors 
taking care of leaks in train line, but liothing has been said as to how 
they shall do it. On the Lake Shore we have seven division terminals, 
and these we are equipping with air testing plants. Aside from these we 
have about from fifty to seventy-five interchange or inspection points, 
where we receive anywhere from 10 to 100 cars a day, with no steam 
or air plants, and to provide air foi testing the cars at these places 
would mean an enormous expenditure of money. Cars that are received 
at these interchange points have to be moved from 15 to 100 miles before 
they reach a testing point. What we ought to have is an inexpensive air 
compressing plant. At these small inspection points men are not fully 
employed and the amount of work that we could get from them In 
keeping up the air brake equipment would mean a good deal. If we 
endeavor to have this work done at main line division terminals only 
it will result in serious delays to movement of trains through the yards, 
and during periods of hv^avy traflSc would no doubt block the yards. 
This is one of the problems which is being considered to-day. 

Mr. Humphrey: The remark that Mr. Ball has just made is very 
true. If the inspection is properly made, and the work is properly done 
on the air brake equipment at the time the triple valve receives atten- 
tion, it is going to largely overcome the difficulties that have been re- 
ferred to. I agree with Mr. Ball that all railroads should have air 
plants at these unimportant terminals. Some roads are at the present 
time installing compressors where they have no steam that are operated 
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by electricity. Otiiers are using gasoline for this purpose so that tests 
can be made, but I believe the most important object of all is to 
have the inspection properly done and the work attended to at the time 
the triple valve and the cylinders recv^ive attention. 

My experience in the past with car men has been that they will give 
the triple valves attention every six or nine months, as the rules require, 
but pay no attention to the train pipes and let the leaks in the train 
pipes go on until they become so bad that the car must be set out in 
transit and the work done. That will be done at some of the outside 
points that Mr. Ball speaks of, where there is no air plant. The result 
is, there are no means of testing the work after the work has been com- 
pleted. We generally have had inspectors at the outside points that were 
provided with old tools, a stock, and a die that has been worn out and 
discarded from the head shops and sent out for use at these outside 
points. The result is, when they do the work it is not properly done, 
the clamps are not properly secured; with them it is anything to get the 
car off their hands. Along comes the trainman or switchman, picks up 
the .car and, throwing it into the train without testing, makes the oar 
go regardless of results. A large majority of the cars are receiving this 
kind of attention, whereas if they were tested as outlined in the paper, 
at the time the work is done, and the work on the pipes and joints 
looked after, the gaskets renewed when necessary, the clamps properly 
attended to. I believe that the conditions would improve enough to 
justify the expenditure. 

There is one mention made that has not attracted attention yet that 
I want to speak of, and that is the practice of uncoupling all cars at 
the terminals that have to be switched by the car men, not dependinc: 
on the switchmen. Any mechanical man knows that the greatest diffi- 
culty with train pipe leakage is on account of the switchmen not un- 
coupling the hose. It is a common practice in our largest yards for the 
switchman to switch cars without pretending to uncouple the hose. It 
results in tearing the hose, in fracturing them so that they leak, pulling 
the train pipe through the clamps and causing an endless amount of 
trouble. While I was on the Chicago & Alton that question came up 
and they decided to try the uncoupling of the hose by the car men. 
Orders were issued that the switchmen would have nothing to do with 
the uncoupling of the hose. The result was that we actually reduced 
our car force that had been attending to the car repairing in the yards 
where switching had been done, and still the car men took care of all 
the couplings and uncoupled every car that had to be switched as it 
came in. They got the list as they came in from the yard master and 
the first thing they did was to uncouple the hose. I believe that if that 
practice would be put into effect throughout the country the number of 
bursted hose would be reduced very materially and that the couplings 
would be in the same proportion, to say nothing about the wear and tear 
on the pump and the other parts of the air apparatus. 

Mb. J. P. Breitenstetn (C, B. & Q. Ry.) : i would like to ask a 
question, and that is, is there any one present who has had any experi- 
ence in splicing air hose? As I understand, some of the roads are doing 
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it where the switchmen have been uncoupling without the hand. I would 
like to hear from some one in regard to that question. 

The Chaibman: Has any one had any experience In regard to the 
question asked by Mr. Breitenstein in reference to splicing hose that 
has been pulled apart by a switchman? Is that correct? 

Mb. Bbeitenstein: I understand some of the roads are using this 
same hose that has been discarded and splicing it in order to give it the 
same length, and the question is, whether it is a factor of economy to 
use this hose instead of the new hose, whether the hose is not weakened 
to a certain extent, and whether the connection in between there is not 
an obstruction. 

Usually the hose that is spliced has seen hard service, not only by 
being pulled apart by the svritchman. And I believe the splicing of 
hose is only in an experimental stage at present, and it is only a question 
of time that will determine their reliability under conditions of service, 
which are unusually severe on account of dirt, grease and oil and other 
combinations which it is impossible to exclude while in service. 

The air in the train line should, in my opinion, have a free and unin- 
terrupted passage, and I believe the time is not far distant when they 
will use larger train pipes in the passenger service, especially where the 
larger cylinders are used, such as the 12-inch, 14-inch and 16-inch cylin- 
ders instead of the 10-inch. 

At some future time I would like to see this matter taken up for 
discussion. 

Mr. Slater: I can say to the gentleman that there is a great deal 
of spliced hose used and we found it all right. Of course we never use 
hose for the purpose of splicing unless it is practically as good as new 
and has only been damaged by the switchmen failing to uncouple and 
the hose has been torn m the middle. Then we select hose Qf that kind 
and uncouple it and splice it and get very good results from it. 

Mr. O. W. Farmer: I wish to endorse Mr. Farmer's statement where 
he makes mention about the increased speed of the air pump, which does 
not give the air in the main reservoir sufficient time to become cool 
enough to precipitate the moisture, which is thereby carried back in the 
tsain, and as we all know in cleaning triple valves, there will be a large 
amount of rust found and a great deal of trouble caused by this steam 
moisture. I would also like to bring out the point as to how hard it Is 
to get employes on the railroad to understand the necessity of marking 
all air hose when it is applied, and also when it is taken off, to determine 
the length of service which we obtain. 

And the third point is the necessity, particularly with air hose which 
is coupled between the rngine and the tank, that the pipe on the tank 
and the pipe on the engine shall bo of the right length, so that the hose 
whpn couplfKl between shall neither rub on the brake beam nor on the 
siifety chain. 

Mk. p. Maker (I., I. & I. R. R.): I do not think it is nr>ces«ary 1o 
<;iy anything further on this question. There have been suffir-ient reeoni- 
HMMidalions made already, if followed out, to give us satisfactory resultH. 
Ii n^snlvcs itself into tlio question of the superintendents of motive power 
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and master car builders following out the recommendations to eliminate 
the present trouble. We do not experience any of the trouble referred 
to on the I., I. ft I. 

The Ghaibman: If there is no further discussion on the paper I 
will ask Mr. Farmer to bring the discussion to a close. 

Mb. Fabmeb: Mr. Chairman, I- do not think it is necessary to add 
very much to what has been said. Before answering Mr. Breitenstein's 
question in regard to splicing hose, I will say that in testing air hose 
with soapsuds, on all cars passing through a terminal, that it was found 
necessary during the first month to remove nine per cent of all the hose 
tested, but the number found defective gradually diminished from day 
to day as the ears returned to the terminal until it reduced to a constant 
average of about one and one-half per cent. This practice almost wiped 
out the burst hose questijn en the road and it made every one happy by 
reducing the number of pulled-out drawbars; it also very materially re- 
duced the time required to handle the trains over the division. 

The common practice followed for some time of splicing air hose 
which we followed until we commenced to test the hose with soapsuds 
I consider an expensive one, for the reason that we discovered that the 
number that were found to be porous after they were fitted up was so 
great that instead of being an economy it resulted in additional expense, 
therefore the practice was entirely discontinued. 

I am of the opinion that any hose that shows leakage through the 
surface is not in fit condition to be placed In service, no matter how 
small the leakage may be. 

In answer to Mr. Ball's question about the method to be recom- 
mended, or that I might recommend, for locating the leakage on cars 
coming through interchange points, my experience has been that where 
the transportation department allowed the car department sufficient time 
to charge the brakes with locomotive or yard plant and correct such 
leakage as is necessary to put them in satisfactory condition before the 
train is started, the time consumed in moving the train over the division 
was reduced. On the eastern road previously referred to an hour was 
allowed for testing the brakes in the yards, after the trains were made 
up,^ and it actually resulted in savirg more than that amount of time 
in moving trains over the road. The service conditions on that line were 
quite severe, and the car service such that accurate records could be 
obtained, therefore no difficulty was experienced in showing an actual 
saving. 

The Chairman: This finishes our business this afternoon, the dis- 
cussion of the two papers. Is there any further business to be brought 
before the meeting? If not, a motion to adjourn is in order. 

Adjoiirnecl. 
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The Chairman: The first order of business will be the approval of 
minutes of the last meeting. They have been printed and distributed, 
and if there are no corrections, will stand approved as printed. 

The next order of business is reading names of new members, which 
the Secretary will now do. 

Membership, November 1,072 

Dropped, mail returned 4 

1,068 
New members approved by Board 10 

Total 1,078 

NAME. OCCUPATION AND ADDRESS. PROPOSED BY. 

J. D. McGuire, Christensen Engineering Co., New York C. H. Doebler, 

H. A. Brimley, draughtsman, M. P. Dept., Penna. Co., Ft. 

Wayne G. L. WalL 

A. F. Stetson, Houghton & Richards, Chicago F. G. Benjamin, 

F. M. Sessions, Forsyth Bros. Co., Chicago G. H. Forsyth. 

C. T. Boone, Trav. Train Master, C. 4 N. W. Ry., Chicago... H. T. Bentley. 

G. E. Van Wort, Murphy "Varnish Co., Chicago C. D. Ettenger, 

C. M. Baker, Murphy Varnish Co., Chicago C. D. Ettenger. 

F. J. Riechmann, V.-P. & G. M., Street's Western Stable Car 

Line, Chicago CM. Mileham, 

E. A. Gilbert, West. Repr. W. H. Miner Co., Chicago J. W. Taylor. 

J. G. McGee, Hildreth Varnish Co., New York C. H. Doebler. 

The Chairman: The next order of business will be the reading of 
papers. The first paper on the list is "Plan to Establish a Machine 
Rating in a Locomotive Machine Shop, With Special Reference to New 
Tools," by Mr. J. F. De Voy, M. E., Chicago, Milwaukee & St. Paul Ry. 

The paper is as follows: 
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PLAN TO ESTABLISH A MACHINE RATING IN A LOCOMOTIVE MA- 
CHINE SHOP, WITH SPECIAL REFERENCE TO NEW TOOLS. 

By Mr. J. F. De Voy, M. E., C. M. & St. P. Ry. 

The object of this paper is to establish by a system of cards 6 inches 
long by 4 inches wide information relative to the number of cuts, length 
of time and general movement of work to be performed. The introduction 
of new machine tools and of new tool steel has increased the output of 
new work to such an extent that many of us are unable to determine 
exactly what can be done in the manner of machining parts and the 
best way to handle the same. The idea of tabulating work at the 
different machines suggested itself from tests of a 100-inch wheel lathe 
in turning tires, a 76-inch boring mill for boring the above, a 26-inch axle 
lathe for turning axles, several 37-inch mills used in driving box work, 
and a 42-inch wheel lathe in turning steel tired wheels, the results of 
which are tabulated in the manner indicated on the cards. 

Referring to table No. 2, it will be found that it is possible to turn 
a pair of 84-inch plain tires in 2l^ hours, and that a cut 5-16 inch deep, 
with feed of 5-16 inch, speed 18^^ feet per minute, taken across a 6^ 
Inch face, required 1 hour and 3 minutes for roughing cut. The finishing 
md handling of this pair of tires required 1 hour and 27 minutes, making 
K total, as above stated, of 2% hours to turn the tires. The total weight 
of metal removed per hour in roughing cut was 291.6 pounds. This is an 
actual performance. The average time, however, is about 3»^ hours. 

Again, referring to table No. 1, it will be noted that a driving box for 
a 9-inch journal can be faced on both sides and counter-bored for bab- 
bitt on a 37-inch boring mill in 2 hours; then taken to slotter and slotted 
ready for brass and cellar in 2 hours; then brass is roughed out and 
fitted to box in 25 minutes at 37-inch boring mill; then brnss is taken to 
shaper, which finishes the edges in 25 minutes, and is finally inserted 
in box in 30 minutes, after which box is taken to babbitting room; time 
for removing to mill and babbitting ^ hour; from babbitting room to 
planer and fitted for shoes and wedges requires about 1.7 hours per box; 
then cellars are fitted at shaper in 2% hours; then it goes to drill press, 
where 1 hour is consumed in drilling, and finally it is fitted for journal at 
37-inch boring mill in 45 minutes. The planing hours per box were 
taken from a test of 24 boxes, which were handled and planed in 41 
hours, but all the other work was figured singly. This entire work is all 
dene in 66 by 50 feet of floor space, and in a total time of 11 hours and 47 
minutes per box. In the 66 by 50 feet space above referred to are one 
shaper, four boring mills, one planer, one drill press, one slotter, one 
drop press, babbitting fire and tools and four air hoists. 

Referring again to table No. 3, a pair of 38-inch steel tired engine 
truck wheels can be gotten out in 1 hour and 50 minutes, and this time 
is an ordinary performance — four pairs being turned out in 7 hours and 
20 minutes every day, and many times a good start is made on the fifth 
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pair; one roughing cut 5-16 inch deep and 1-7 inch feed taken across face 
of tire and on outer portion of flange, then a finishing tool shaped as per 
standard contour and full width of face of tire, to finish. Here it may 
be said that the first objection is yet to be heard from workmen in 
timing or regulating work in the manner indicted. Place a reasonable 
time limit on any piece of work, men to get it out in that time, and 
establish a method by which the work shall be done, it being assumed 
that men are paid the highest possible rate of wages, and if such is the 
case there can be no valid objection to any machine doing all that belts 
will drive and steel will stand to a reasonable degree. An article bearing 
directly on this appeared in the November issue of the American En- 
gineer and Railroad Journal, of an 84 -inch boring mill boring tires at the 
West Albany shops of the New York Central Railroad, which not only 
indicated a good performance, but that the operator was interested in 
the work. The satisfaction derived from knowledge that big machine 
work ia taking the minimum time in its -movement from and to several 
machines can only be compared to that which one has when, by changing 
the work movement, it is discovered that the boring mill will materially 
cut down lathe time, or that by applying new cutters on the milling ma- 
chine half of the planer's time will be clipped off on certain work. 

It has been truly said that the time lost by the improper methods of 
chucking work would in many cases more than counteract any time 
gained by proper feeds with high grade tool steels, and it is with the 
object of rectifying this mistake that up-to-date roads keep their tool 
department busy planning and making "short cut" tools. In a certain 
shop of twenty-six transverse pits, where a time limit of 23 days per 
engine is the practice, all heavy machines are taken care of by two trav- 
eling jib cranes, with five and ten ton capacity and which serve a total 
of 19,985 square feet. Both cranes travel the same longitudinal track, 
thus reducing the danger of tying up the big machines in case of a break- 
down. Most of the other machines are served by air hoists on runways. 
The proper arrangement of these has been a very Important item in labor 
and time saving, as will be noticed in the driving box group with its four 
hoists. The time for transferring is so short that no time can be charged 
to it. 

Objections to tabulating cards are raised by many because of the 
possible fallibility of information and differences of opinions on the work 
movements. Now, this is just the reason why the tables should be pre- 
pared, for differences will naturally exist as to movement of work and 
time required. They will find definite information by tables, which could 
not be attained otherwise. There is another point in favor of the tabu- 
lated card rating system in that it shows up in the clearest manner pos- 
sible the remarkable increase in output by strictly modern machinery 
over that of an earlier date. An example is found in the wheel lathe 
tests, where we find that the new lathe will easily turn out work in 
3 hours which would require the old machine to get out in 5 hours; also 
that the new steel tire lathe will turn out work in 2 hours which took an 
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older tire lathe 3 hours to do. One new 30-inch boring mill will turn out 
rod bushings in 3 hours; the time the older machine took was 6 hours. 
The card system proves a valuable index in the purchase of new machine 
tools, giving the scope of work and the saving effected by same. In the 
comparison of cards between employes of a road, or between roads, disj- 
cussion should produce beneficial results. In contract shops the card 
system is not at all new, and speed bosses, whose business it is to set a 
speed and feed for all kinds of work, and adjust the respective cards, 
hold an important position in shop management. The chief benefit to be 
derived from a system to my mind is, as was stated above, in a clearer 
and more general knowledge of what our machines can do. 

Anyone visiting the storage rooms and yards where finished or par- 
tially finished stock is keyt in our large railroads will readily see that an 
immense amount of work is ready for the heavy repairs of an engine 
long )>efore it reaches the shop. This work can be definitely timed and 
placed on cards, which compared will show us where we stand with sim- 
ilar work on other roads. Individual tables for pins, studs, tap bolts, 
setscrews, are readily prepared and make collectively a table for such 
machines as Jones, Sampson, Gisholt, etc. 

The table of tests serves as a proper guide in the matter of cuts. 
Mr. Gantt clearly explains its value in an article in the Cassier's Maga- 
zine, when he says: 

**It is almost impossible to realize the difference between the amount 
of work obtainable from a lathe rough turning steel when run in accord- 
ance with the laws that have been determined and when it is run by the 
Judgment simply of an ordinary, or even first-class, workman. The in- 
crease in output is nearly always 100 per cent, frequently 300 per cent, 
and sometimes 500 per cent." 

Then in the matter of tool steel he says: 

**Neither a new tool steel or a new machine tool will have the de- 
sired effect unless steps are first taken to find out definitely what the 
new tool steel or machine tool will do, and then a system established 
whereby the operator is taught how to get a maximum result." 

To one making out a table of tests, the fact that high grade tools 
will crumble or break off a cutting edge with but one- ha If the cut, or 
ftven less, in an old machine, with every other condition identical, cannot 
be overlooked. The lost motion in an old machine is not a lost motion, 
but a burning motion, in its telling effect on roughening and shaping 
tools. This should and does affect the character of the work, and it is 
desirable to keep up a first-class character of work. An important con- 
sideration greatly affecting machine output, and very troublesome, inas- 
much as it is a variable to a greater or less degree, is of the n mount of 
stock to be removed. In castings we find the "vnriable" in its "less 
degree." and in small forgings it is not immodornto, but wlien we finally 
hit oir.'^ie '^^ater degi'ee," in the. familiar form of a frame, an axle or 
main rod, we feel that we have come to a guessing point. This is the 
reason why frame and rod work cannot be definitely calculated except in 
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the speed and cutting list. Some of tlie new machines have done very 
good work on these parts which would not be recognized by outsiders in 
a card system. 

The table of speeds and cuts is prepared from daily performances, 
and not, as In some tables, from tests of about an hour's duration, and 
are intended to keep the tool in good condition without grinding. 

It is believed that nothing has more materially helped the output of 
drill presses than the table of speeds, etc., which has been placed on up-to- 
date machines by several shop foremen. By referring to these tables it 
can be ascertained at once the best results which can be obtained with any 
size of drill, and how many men really know how fast a drill can be 
driven on different metals unless a special table is prepared for them? 

Feeling that the secret of success in any line lies in the degree of 
system which can be brought to bear, providing the time saved by same 
more tlian pays for the extra work involved, and yet providing a flexi- 
bility and adaptability to give accurate data after the system has been in 
force a considerable period, a few tables have been prepared of what 
seems to be a step in the right direction, as applied to machine shops 
such as are found on railway systems. Here we find interesting facts 
about machines and work movement confined to a circle of foremen and 
general officers. It is to give a definiteness to this knowledge and a gen- 
eral understanding to all concerned that this system of cards is proposed. 

The tables do not venture to affix prices, as is done in both piece 
work and reward systems, for cost of material and labor are subject to 
change, and it is not the object of this paper to favor either one or the 
other. If it serves as an incentive for a more general knowledge of the 
kind and amount of work to be taken care of by individual machines — 
the correct motion of work and an increased interest in fast chucking 
and setting up, a table of good proportionate speeds— it will have gained 
its end. 
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Mb. De Voy: I would like a few moments longer to explain some 
of the tables. The first table, Xo. 1, is one which is prepared for a col- 
lective work — that is, for instance, driving boxes — has a brass and cellar 
which could not be very well tabulated on one machine, so that in thi» 
space referred to this card is intended to cover the whole period; and 
I would like to say here that when a driving box is finished, it is turned 
out with a cellar in. That is clone in different ways; it can be turned 
out faster with the cellar out, and you can turn the cellar out afterwards. 

One particular feature that I would like to speak about is, that after 
the box is bored it is not fitted to the axle. When it leaves the machine 
it is finished, but there is not any considcnible time placed on any 
scraping or filing, or anything of that sort. Now, that goes as far as 
freight and switch engines are concerned;, there may be some finish- 
ing done on boxes for passenger engines, but it does not amount to verjr 
much. 

In the piston rod and piston spider, Table No. 1, the total time shown 
there is ten hours and thirty minutes. This has been frequently done in 
nine hours. 

In Table No. 3, 3 to 4, wheels have been increased about one pair 
per day a great many times. There is a discrepancy there which I went 
over; one record was taken at one time and one another. In the 26-lncli 
axle lathe, the feed and cut is an average cut. I have some cuts here 
which are 50 per cent more than that, which may be shown up later on. 

In Table No. 5, the 48-inch steel trailer tire was done last week. 
The reason for it was that the test referred to from the New York Cen- 
tral put us to guessing, and we wanted to do something to equal it, and 
we took up a steel trailer tire. It was possible that it would break the 
machine, but we thought it was about time to find out whether the 
machine would go to pieces or not; and the metal was removed in 18" 
minutes; that is the actual time; the other was the time to pick the 
tire up from the pile and remove it either way. 

The Chairman: Gentlemen, you have heard Mr. De Voy's paper. 
It is one that contains information of a great deal of interest, especiallly 
to master mechanics and machine shop superintendents. The paper is^ 
before you for discussion. Has anyone anything to say on the subject? 

I have a few words to say on the subject of establishment of ma- 
chine rating. The road that I am connected with is working- largely 
piece work, and we are also unfor^Jnate in being largely equipped with — 
I cannot say exactly old-fashioned tools, but machine tools not exactly 
up to date. We have found with the piece work system that it was not 
necessary to introduce a system as described by Mr. De Voy, for the 
simple reason that the piece workers, being assured that a rate once 
established would always remain fixed, are doing their very best to keep 
the output of the machine at its maximum, in order that they may earn 
a maximum wage. 

After reading Mr. De Voy's paper I went out into the shop and found 
an old fellow turning tiros. I asked him why he did not take more cut,. 
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and he said he was taking all that he possibly could. We Increased the 
feed slightly, and the machine stalled, which merely went to show that 
in this particular case the operator was doing as much as he could on 
the machine. 

The tables that Mr De Voy has presented here are very interesting,, 
and for a shop working entirely day work may do a great deal towards 
increasing the output of the shop; but with a piece work shop, where 
the men have the assurance that prices will not be cut, I do not think 
that that would do very much good. 

There is one point that Mr. De Voy spoke of that is of vital interest, 
and that is, determining which machine will do the work the 
quickest. Some time ago we had a milling machine that was idle, and 
it was taking up floor space; possibly we used it once a week, and on 
investigation it was found that under the conditions the shop was being 
run it was cheaper and quicker to use a planer instead of the milling 
machine. After some investigation and a few changes in the machine it 
was found that by these changes we could use the milling machine in 
certain cases to better advantage than we could use the planer, and 
based on those lines a piece work shop can get a great deal of valuable 
Information by these tables, but so far as increasing the output of any 
one machine is concerned, I do not believe they can do very much. 
I would like to hear from some one else on this subject. Mr. Forsyth,^ 
have you anything to say? 

Mr. Wm. Forsyth (Railway Age) : I should think that these cards 
would be a very useful thing in establishing piece work prices and in 
determining the maximum output of the machine. I hope that you will 
explain how you have obtained the maximum output in some other way. 
I do not see why the cards apply directly to day work and not to piece 
work. 

The Chairman: In that connection, Mr. Forsyth, I would like to say 
this, that my intention was to refer to a shop which was already on a 
piece work basis, and where the prices had already been set, and where 
the assurance had been given the men that the prices would not be cut. 
It is a fact that in some shops working piece work, where a man in- 
creases his output and makes an increase in his wage, that a corre- 
sponding cut is made in the price of the article turned out, and as a 
result of that the men are very apt to curtail their output, and say, 
"If we earn ^3.25 a day you are satisfied; if we earn $4 a day, we are 
cut,** and a man will earn $3.25 and no more. I do not want to mention 
any names, but I have the assurance that that is the fact in a number 
of places. After the piece work prices are set and the assurance is given 
the men that the price will not be cut, it is to that man's advantage to 
earn every cent he possibly can, and as a consequence he works his 
machine to its utmost limit. I call to mind a man whose day rate is 
17^^ cents an hour, who has no trouble whatever in earning 32% cents 
up to 34 cents an hour turning axles. That may seem like a great deal 
for a man to earn who could not do anything else but turn axles, but at 
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the same time the assurance has been given that man that we will pay 
him the price that we set, and that he is at liberty to earn just as much 
money as he can, and he works that machine for every ounce there 
is in it 

If a day-work shop were establishing piece work prices and getting 
ready to introduce piece work, then there is an entirely different proposi- 
tion; then these cards would come in to very good advantage, and, as I 
said in my previous remarks, they will also come in to good advantage in 
determining which machine will do the work the cheapest. It may be 
that a boring machine will be a more economical machine than a lathe; 
it may be that a slotter will'be the most economical machine, and so on. 
Gentlemen, the paper is still before you. 

Mr. E. J. Jackson (C, B. & Q. R. R.): I would like to ask Mr. 
De Voy if the material used in these machines on this test was entirely 
new material or not? 

Mr. De Voy: The material spoken of on the planer was a new frame; 
that on the boring mill was old. There are several places here in which 1 
calculated to do the same thing twice; one is new and the other is old; 
It applies to both, and you will note that in several cases there is one 
new machine and one old machine; and right here I would say in favor 
of the tool machine, that one old boring mill did better than a new l)oring 
mill, and we cannot break it down. Part of the work is new and part 
of it is old. 

Mr. p. R. Brooks (C, B. & Q. Ry.) : In Mr. De Voy's idea of the card 
system I do not know whether he would consider it a fair proposition 
for rating machines, or whether it would be merely an interesting com- 
parison, to have such a record as this made by the demonstrators of our 
friends, the tool steel men. At least, if it would not do for a basis of 
rating, the results of their performance on machines in' the shop, with 
their own steel, by possibly two or three representatives of different 
concerns, would at least afford an interesting basis of comparison for 
the speed boss, or shop boss, or whoever has the oversight, or comparing 
these cards later on. 

Mr. H. a. Ferousson (J. T. Ryerson & Son) : As I understand this 
paper, it is simply a system of keeping a record of the cuts on different 
kinds, of work, showing what the maximum output of the machine should 
be, and from a hurried glance through the paper (I am sorry to say I 
had not read it before the meeting) I do not see any reference to piece 
work, and the thought arose that a system like this could be put into 
effect whether there was piece work in the shop or not, as in shops 
where piece work has never been in vogue there might be an advantage 
In it, for I believe this same system could be pretty well enforced on men 
working day work. It might mean getting a little higher grade of men, 
also high grade men to superintend the operation of the machines and 
teach the workman how to regulate his cuts as per the cards. I heard 
the latter part of your remarks, which were regarding piece work, Mr. 
Carney, and I believe this system could also be used on the day basis. 
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ag well as on piece work. I would like to hear others of the members 
on this point 

The Chaibhax: Gentlemen, there is room for some discussion on 
this subject, if anyone has anything to say. 

Mb. R. K. Pierce (C, B. & Q. Ry.) : Do I understand that this series 
of card rating is to be used in formulating a definite output for the ma- 
chine, or simply to be used in making out rules or cards for the instruc- 
tion of the various operators? 

Mr. Db Voy: It is intended for both. A man's idea of a day's work, 
and the method by which it shall be done. 

The question of chucking is very important, although it does not 
come up as much in railroad work as in regular machine work. I have 
thehad opportunity to observe the methods of Mr. Gantt, of the Bethle- 
hem Steel Co. and am informed that they have adopted a scheme down 
there of having a **Chucking Boss." They have a speed boss; they also 
have, a boss of planers, boss of lathes, boss of drill presses, etc., and a 
chucking boss. First a foreman decides on what tool the work is to be 
turned out. and then it is turned over to the foreman of the chucking 
department, and his gang of chuckers put it on the machine in the mini- 
mum amount of time, then the speed boss comes along and says what 
speed and what tools shall be used, and then it is turned over to a dollar- 
and-a-half-a-day man to turn it out. Of course they have a multiplicity 
of similar work and they get magnificent results. It seems that it is 
worth while to consider this question, at least in our larger shops. 

Mb. Ira C. Hubbell (K. C. M. & O. Ry.) : Perhaps these remarks are 
not entirely germane to the paper. It occurs to me, however, that the sub- 
ject illustrates a great fact, and that is this: at the present time we are 
spending a great deal of time dealing with effects rather than an effort 
to locate the cause and treat the cause. 

There has perhaps never been a time in our history when railroads 
and manufacturers have been confronted with more serious pi*oblems 
than confront them today, and it seems to me that we are making a 
mistake in giving all our energies and time to the effect, instead of de- 
voting careful thought and consideration to the cause, and treating the 
cause. 

If our cellar were full of water, and the water ran into the cellar 
about as fast as we dipped the water out, it would take us a long time 
to empty the cellar; but if we will devote a little time to finding the 
source from which the water comes, and so stop the water running in, 
we can quickly empty the cellar. 

We will not get the oest results from those whom we employ through 
any effort except that which tends to bring the employer and^the employp 
together. No matter how much ready cash we may have available, no 
matter what the nature of the business, we cannot establish a suceeHsful 
business except we have the labor that will utilize the capital. On the 
other hand, labor will produce capital, and the present condition of 
things, from my observa^on, which extends over a period upwards of 
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th'rty jears in employing? a groater or less number of men, is due entirely 
to the fact that labor has not had its share of the profits of business. 

We have built up the labor unions of today because of methods of 
the past, which have made it necessary for men to organize and as an 
organized body demand recognition. 

It is not long since that I said to the President of one of our leading 
railroad systems that the railroads are unfortunately putting a premium 
on unions; they were forcing the men to unionize, forcing them to or- 
ganize and make demands for their rights. A great deal is involved in 
reaching a position of justice in these matters, yet all men know that 
right wrongs no one. There are a great many in this room who have been 
in active railway life for a great many years, and they know that in 
their earlier experience, as in the experience of others, rather harsh 
methods of discipline were employed and those who are employed have In 
this way cultivated a habit of harshness, and it is not an uncommon thing 
as in my experience I meet both employer and employe, to find each call- 
ing the other hard names. You cannot obtain harmony either with axes 
or with hatchets, nor by calling one another harsh names; you must get 
together, and there is a ground upon which the employer and employe 
can meet, whereon neither will trespass the rights of the other. 

You can't plant peachblow potatoes and raise a peach orchard. Like 
begets like. There is no question in the world but what a "piece system" 
in any manufacturing business most nearly approaches the ideal condi- 
tion. Employes, as a rule, are afraid of this, because in times past em- 
ployers have adopted so many subterfuges, solely for the purpose of re- 
ducing the price of labor and increasing the profit. If the profits are in- 
creased to the manufacturer, the laborer should justly participate in the 
gain. 

I have always maintained in ray personal experience that a man 
who employed me and failed to pay me what my services were worth, 
robbed me of that which was my own, and I have also felt that If I 
failed to earn my compensation, every dollar that was paid me, that I, 
on the other hand, robbed my employer just as much as though I took 
money from the cash drawer, or took his product from his place of 
business and appropriated it to my personal use. We need today to 
begin with the young men who enter our service, and impress upon them, 
by precept more than by words, that all kinds of active labor are hon- 
orable, and that the effort should be, not to see how little can be done, 
but, on the contrary, that the effort should be to see how nearly they 
can make their services so valuable to the employer that the employer 
shall feel that he cannot do without them. 

I have been thankful in my personal experience, that wlien a boy 
of about sixteen years of age, I received a lesson from my employer 
that has never been forgotten. I was doing that in business hours which 
I should not have done, but he came to me in a kindly way and laid 
his hand on my shoulder with the remark that that would not do in 
l)usiness hours, that I should do my work. The response came quickly 
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tbat my work was done, and he said to me: "Then help Rome one else 
do his work," and the answer came quickly again, **I cannot do that, 
I earn ^11 I get.'* In response to this inquiry as to what my wages were, 
I said, "Two dollars a week, and I board myself." His hand went back 
on my shoulder again in a kindly way, and he said, "You are the best 
boy we ever had, I think, but just as long as you only try to earn just 
what you get, you never will get any more," and I have been, oh, so 
thankful, and I am today, and I bear tribute to that man's memory for 
saying those things to me, and «aying them kindly, because I went to 
work, and it was not very long after that that my wages were consid- 
erably increased. I did my part and he did his. We stopped the water 
from running into the cellar. 

It is these things, we as employers need to bring to the boy; we 
need to brines them to the young men. We must take into consideration 
that those who are working by the day in our shops and elsewhere have, 
ipany of them, come up through entirely different enyii^pnments than 
those that have surrounded us; they have not acquired the habit of 
correct thinking, and I am of the opinion that as you analyze thid 
question, you will find that the cause of the present condition is due to 
a spirit of unfairness that has been engendered between partners in 
business, labor and capital, through greed, avarice, and covetousness, 
and what we all need most is to stop pushing one another farther away, 
but get close together, f or the great God who has made all that there 
ig has made bountiful provision for all and by patient and kind endeavor 
to bring out this lesson to our men, young and old, I think we can do 
more to eradicate present troubles than we can by employing walking 
delegates for the emploj-er or the workingman. 

A great man has said, and he is great only because he is kind, gentle 
and loving: 

"I believe that any man's life will be filled with constant and unex- 
pected encouragements if he make up his mind to do his level best each 
day of his life." 

I know that this is true for it has been proven so in my life. 

The artist must first have the true picture in his thought before 
he can transfer it to the canvas. No man can make a picture of a loco- 
motive, nor build a locomotive if he constantly thinks about a wheel- 
barrow. We are just what we most continuously hold in our 
individual consciousness, and employer and employe must learn easily 
or through suffering that we cannot escape the reaping of our own seed 
sowing. Cause and effect cannot be separated, and all must know that 
no man has the right to prevent another from working, through any 
act of violence. 

It has been truly said, *'the man who fears he will do more than his 
salary calls for, will never have much salary to call for." 

Mr. C. a. Seeley (C, R. I. & P. Ry.) : I have worked piece work 
n^yself, and I remember the time when I have finished up work and put 
it under the bench so that I could turn it in when I was doing other 
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work that was not quite so profitable, and there is no doubt that the 
main point in this paper is the usefulness of the card index system in 
gathering information so necessary in the development of new tool steel, 
new tools as well as the new drives and new methods which are being 
introduced into shop practice. 

An old time boss cannot go into one of our modem shops and say 
Bow much work should be turned out on up-to-date tools that were not 
in the shops in those days. I could not go into a shop today and tell 
what the proper output should be on a milling machine, because millin&r 
machines were not generally used in shops in my time; I could not do 
that, and I do not know that we have the bosses over our shops today 
that know these things offhand, or have them stored away in their minds 
so that they can give them offhand. The main point is to get the 
information on record. I know of no better way than this adaptation 
of the card index and if we can cultivate a knowledge on the one side 
for the benefit of the employer as to how long it takes to do work, we 
can, on the other hand, be just to the employes in properly paying them 
for their operations, for we can then know by actual information gath- 
ered and stored in this card system as to what these operations are 
going to cost. 

The Chairman: Is there any further discussion? If not, Mr. De 
Voy, will you close your paper? 

Mr. De Voy: Mr. Chairman and Grcntlemen: If you will read part 
of this article you will note that it is expressly stated that it was not 
the intention to favor either the piece work or the bonus system. Now, 
I do not mean to say that I was afraid to discuss that part of the ques- 
tion. I have both worked piece work and superintended piece work, 
and I mean to say that the average piece work today done in contract 
shops is done about in this manner. A man takes a contract for driving 
boxes, for rods, for any part, he employs a certain number of men to 
do that work; I would rather that you would guess who makes the 
money. I know who makes it; whether the man who does the work, 
or the speed boss referred to in this article, or the one doing the work. 
The piece work business reminds me of a little story, for I am in about 
tlie same condition that an old colored lady was in at a meeting. The 
parson was berating his congregation as to their conduct, and told them 
that if they traveled down the narrow path they would certainly reach 
damnation and other things, and he got a little bit tangled up, and told 
them if they started down the other road, they would get to the hot 
place, and there was the old lady I referred to, who sat in the congre- 
gation, and she got quite nervous over the thing, she was not just sat- 
isfied, and when the parson concluded his sermon she got up and said: 
'*1?arson Johnson, if them words are true that you said, I think it is 
about time for the colored population to take to the woods." Now, I 
was afraid that if I got this piece work system and bonus system and 
this carding system together, you would make me take to the woods, 
but I believe this card system is right, and I believe that you should 
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establish a fair day's work for each machine, and for a man who was get- 
ting a fair day's pay, to say that that man shall get that work 
out in a certain time I do not believe that the man shall be driven. 
I want to ask you, or ask any man, if he knows at what speed any 
machine can be driven today? Mr. Seeley said that he did not know 
that he could go into a shop and tell at what speed a machine should 
be worked. I do not think I could, and I would like to see a man that 
could, and I say, the only way to do this, gentlemen, is to Just take a 
little card and chalk up what work you have done; these machines are 
all numbered; it will not take much of your time; you cannot object 
to this system; it does not cost you anything; this was started on shop 
slips; it cannot be unfair to the man^ He cannot do-as much one day 
as another; he will strike a hard spot in a tire and take a hammer and 
chip that out. One of these tables gives a steel wheel center as being 
done In seven hours; I saw that done in seven hours, and I saw another 
one Just like that done in twenty-four hours^ and why? Simply because 
we cannot regulate the steel people, that is, we cannot take the sand spots 
offi and all that sort of thing, and we cannot make the steel do Just 
what we will, but there should be a reasonable excuse as to why that 
was done, or was not done. 

I thought perhaps that the feeds would have been discussed, or the 
drives, or something of that kind, and I wish to say that I had some 
little intention of referring to what could be taken, which I would like 
to present. I thought this morning that perhaps I would be called 
down on account of this half -inch speed for planers; that is what it 
should take. Here is something that was turned out this morning before 
I left home; there is a 48-inch planer which I think takes a half -inch 
cut. (The speaker here exhibited various samples and described them.) 
My only object in writing that paper was to give some sort of definlteness 
as to what we should do and what we should require. 

The Chaibman: The next paper on the list today is **Machine Tools 
and High Speed Steel," written by your chairman, and I will ask Mr. 
Taylor to read the paper. The paper is as follows: 
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MACHIKE TOOLS AND HIGH SPEED STEEL. 
By Mr. J. A. Caraey, M. M., C. B. & Q. Ry. 

For a great many years tool steel was dependent upon carbon for 
its hardening qualities, and attained its barduess through a delicate heat 
treatment and sudden cooling, requiring great precision, and tool dreaa- 
ing was looked upon as the pinnacle of the blacksmith's art. Great care 
had to be exercised in its use to prevent overheating and drawing the 
temper from the cutting edge. 

Since the discovery of the self -hardening steel, which contains some 
carbon, and the high speed steel, which contains no carbon, and requires 
to be run at a high temperature for best results, end will do an amoiHit 
of work impossible with carbon tempering steel, the machine shop super- 
intendent has undertaken to tone up liis shop and increase the output by 
speeding the machinery- and taking heavier cuts; but he has met with 
serious obstacles in the machines from the fact that they will not stand 
the strain necessary to get maximum results from high speed steel, and 
either the machine stalls or some part gives way. It is a fact that no 
machine shop is today fully equipped with machine tools which can use 
high speed steel to the limit of its endurance, nor are machine tool makers 
prepared today to furnish all classes of tools capable of obtaining maxi- 
mum service from high speed steel. 

It is not claimed there are no machine tools which will do this, but 
they are a small minority. 

In getting bids on lathes and planers, it was specified that the 
lathes should cut % inch with % inch feed thirty feet per minute, and 
the planers cut % Inch with ^ inch feed thirty feet per minute in mild 
steel. One maker said there were no such tools made, but that they 
could be made at an increased cost of 50 per cent of the market price 
of standard machines. And today machine tool makers are only com- 
mencing to build tools of the necessary weight and strength to get the 
full capacity of high speed steel. 

The question arises, What shall be done with a lot of serviceable 
machines which are not exactly out of date, but which cannot keep up 
with the high speed steel pace? In a great many eases they can be 
speeded up and with moderate cuts the output of the tool largely in- 
creased, but it is found that the belting commences to give out and cast 
iron gears break. It is possible to replace cast Iron gears with steel, but 
it is very probable that some other part will be unable to stand the 
strain and the machine will be wrecked. 

The effect of belting with increased speed and cut on old tools is 
most disastrous, and if a tool is worked to Its capacity the cost of re- 
pairs to belts and purchase of new ones will Increase as much as 100 
per cent. The belts, ^if single ply, cgji Jt)e^epJaced with light (toible ply 
at a slight Increased cost and an increased service greater in proportion. 



Machine Tools 113 

and In some cases it may be found economical to equip the macliine with 
new cones, taking a wider belt. 

The possible time saving of high speed steel, used with old and 
weak machines, is due to the fact that it will do much heavier work 
without regrinding and will finish most jobs without having to stop the 
machine and grind the tools. This item is a most valuable one and will 
do nearly as much to help a good output as the increased speed and cut. 

I call to mind a driving wheel lathe that was speeded up so high 
that the tool steel used at the time would not stand the strain -put upon 
it, and nearly as much time was spent dressing and sharpening tools as 
was used in turning tires. With high speed steel this lathe is in con- 
tinuous service, but cannot pull as much as the steel is capable of 
cutting. 

Is it profitable to continue the use of tools for general use not 
capable of maximum output as calculated today? And is it profitable to 
reconstruct such tools to give greater speed where the design does not 
allow of much increased strength? 

In reply to the first: Where the output of a tool is in such demand 
that it is worked to its limit of capacity, and to increase the output of 
the shop would mean the purchase of a similar tool, it will pay to get 
rid of the original tool and buy a machine of up-to-date design, capable 
of maximum effort as counted today. The single tool of modern design 
will more than make up its cost in the extra work done. Where a tool 
is not kept busy all the time it may not be advisable to spend money 
where increased capacity would mean increased idleness; but even then 
there would be an argument of cheaper work on account of the faster 
output. 

In reply to the second question: Increased speed can be obtained in 
most cases by increasing the speed of the countershaft, but great care 
must be taken not to tax the old tool beyond its endurance, or a series 
of annoying and sometimes expensive breakdowns will result. 

It is impossible to give any rule for scrapping or rebuilding old tools, 
because the conditions of each shop are so different, and a tool that is 
very nearly worthless in one shop may be a valuable adjunct to some 
other shop; but as a general proposition it is advisable to purchase a new 
tool if it can be shown that 20 per cent of its cost can be saved per year 
over and above the output of the old tool. 

The education of the old-time slow-speed tempered-tool machinist is 
no small item. This can only be done by intimate personal supervision, 
and it takes time to get him out of the 1-32 inch feed and 1-16 inch 
cut rut. 

Up to the present time high speed steels have not given much suc- 
cess in fine work where a heavy cut cannot be taken, nor do they make 
good finishing tools, the reason being that the high temperature of the 
point of the tool necessary for good work cannot be maintained on fine 
cuts, and also when maximum work is being done by the tool the cutting 
edge is somewhat blunted and does not make a smooth Job. 
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Among the economies brought out by the advent of high speed steel 
are the following: Forglngs do not have to be finished so closely to 
make them work up economically, resulting in cheapened cost of black- 
smith work; harder cast iron can bo used, resulting in greater wearing 
qualities; tires can be turned with a minimum loss on account of being 
able to cut closer under the skin. 

The output of the shop equipped with old tools can be increased to 
a considerable extent by speeding up the machinery; but the makers of 
machine tools have had to wake up to the fact that heavier and more 
powerful machines must be made to keep up with the working capacity 
of high-speed steel, and I venture to prophesy that heavy machinery i» 
as yet in its Infancy. 



The Chairman: Gentlemen, you have heard the reading of the 
paper; it is now open for discussion. 

Mb. Hubbell: The paper very largely discusses itself; it does not 
leave very much to be said on the subject. I think, however, it is true 
that most of our tool makers recognize the situation that is very clearly 
expressed in the paper, and are making every endeavor possible to giv^ 
to all users of tools a line that will meet the conditions of the twentieth 
century. We are doing more work everywhere now-a-days than ever 
before; our transportation lines are being called upon to meet problems 
that were scarcely dreamed of ten years ago, and I think the majority 
of us overlook the cause in that respect. The United States is increas- 
ing in population in the neighborhood of about three and one- half mil- 
lions of people annually. Those people have to be clothed and fed and 
transportation companies have to carry what they consume and what 
they wear, and the consequence is, we have to do more work in 
our shops in maintaining our equipment now than ever before, and do- 
it in a little less time than previously, and we must therefore get more 
work out of our tools, and I think you will find that those who are 
engaged in manufacturing the tools that we need in our shops will be 
in a position at a comparatively early day to give us tools that will 
take the cuts and do the work that is described in the paper. 

Mb. Febqusson: I was considerably interested in what the author of 
the paper said about the damage to belts when they are given more 
severe jduty, and while that is true in connection with common oak 
tanned belts, I have had an experience recently that was very impres- 
sive in regard to the life of high speed belts. We have a machine that 
has a very high belt speed: the belt runs at a rate of 7200 feet a minute 
and is 13 inches wide, with eighteen foot centers, delivering 75 horse 
power. We tried several belts Of various makes, the belt makers being 
a little doubtful about being able to give us a belt that would last. The 
longest life we had with the first lot of belts was six weeks, until finally 
we got hold of a specially made belt that was put on the 20th of last 
July, and it has been running an average of ten hours a day ever since 
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at that high speed, and is today as good, if not better—being a little more 
pliable — than it was* when it was put on. I mention this incident to 
show that it is not a question of belts in order to get the increased 
speed and power in any machine tool. 

Mb. Db Voy: There is not any question but what this article is Just 
about what is needed, but I believe a little more could be specified, and 
if that were done, it would be coming down very nearly to the point 
I would like to say, in regard to the paragraph where it reads: "In 
getting bids on lathes and planers, it was specified that the lathes should 
cut %-inch with %-inch feed thirty feet per minute, and the planers cut 
%-inch with 'i^inch feied thirty feet per minute in mild steel." And a 
paragraph in another article in which a maker said there were no such 
tools made. Here is the lathe part of it; here is the %-inch cut, and 
the %-inch feed; the %-inch cut and the %-inch feed. We have not 
changed the countershaft of the belt enough to get the extra two feet 
in speed, but it can be done if you want to go to the trouble. 

Now, as to the planer, I could not get steel, but I had a frame put 
on for me specially yesterday after I read your article. Now, this is 
wrought iron chip (exhibiting). The machine had %-inch feed and a 
cut of only sixteen feet a minute; a thirty-foot speed we have not got, 
but it can be nearly approached, and that is the proper thing to do, I 
believe, to specify machines as you have designated; I believe that is 
just what should be done. 

Now, about as to whether a machine should be discarded or not. 
I know a shop that has one very strong wheel lathe which turned out 
a pair of tires in two hours. I do not think a pair of new tires should 
be turned on that lathe. I believe that the older machine should be 
used for the new tires, utilizing both machines, and I have been making 
some figures as to whether the machine should be discarded or not, and 
really I do not know; I am undecided as to whether a machine should 
be discarded. There are a great many places which you do not mention 
where they could be used. I do not quite understand what you mean 
by a tool not being able to finish a part; do you mean to say that you 
would finish a cut with a roughing tool? 

Mb. Cabney: Finish the roughing cut. 

Mb. De Voy: I do not know about that. I would not use two tools, 
a finishing tool and a roughing tool. I wish you would explain. 

Mb. Cabney: With reference to the wheel lathe in question, it would 
only cut about an inch across the surface, then the tool would be dulled 
and would have to be taken off and re-ground. The idea expressed in 
the paper was, that if we had four inches to face off, with a roughing 
cut, the tool would only face one inch and then would have to be re- 
ground, then another inch and then would have to be re-ground, that 
was with tempering steel. With self-hardening steel, the one setting of 
the tool will make the cut clear across, saving the time necessary to re- 
dress the tool, or replace it with another one. That is, if a tempering 
tool will cut fifteen minutes, a self-hardening tool will cut for an hour. 
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which means a steady service of the machine for one hour, instead of 
fifteen minutes, with a lapse, and then fifteen minutes more. 

M». De Voy: I am sorry I do not just agree with you. I would 
use a roughing tool; if it was the fact of the tire I would use a 
roughing tool; a self -hardening tool. I do not know of hut just one 
machine that is able to put a self-hardening tool out of business, and 
I do know only one steel that will stand that machine. I do not see 
where you can use a roughing tool and finishing tool to any advantage. 
A roughing tool, to my mind, should be curved slightly on the point and 
concave backward in order to take the cut tliat is necessary. I would 
shape it thus, and tben a finishing cut would be taken. I do not know 
where a finishing cut is taken on the outside of the tire; one cut should 
be taken and that should be enough; that is, I mean one cut to any 
particular place, one roughing cut should be taken, for instance, across 
the face of a plain tire, and then the two cuts on sides to taper. I do 
not know . where a finishing tool should be used there; if it were a 
journal you certainly would have to use two tools.. That is the only 
thing I see in the whole article that I would not do. The rest is all 
right 

Mr. Cabney: I do not think you quite understand what I meant 
to say, Mr. De Voy. Take, for instance, boring out tires, with a roughing 
cut, if you have a good tool steel the tool ought to take the entire cut 
right through the tire. Do you get the idea? 

Mb. De Voy: And deliver it; there is no question about it. 

Mb. Cabney: If you try to cut with the same speed with the tem- 
pered steel, you may get two or three revolutions and you may not, 
before the steel has given out; then that means redressing that tool and 
starting over again. Do you catch the idea? 

Mb. De Voy: Will you pardon me just a minute. My idea is that 
the proper way to bore a tire is this, and I want to go just a little bit 
outside of this for a minute, because I have read articles where four 
laborers were used, I say that there should be some way of picking that 
tire up with one man and the man who runs the machine; it should be 
placed on the machine; the man should take his tram, an ordinary rod 
of the right size, and then he should take a self -hardening tool started 
to its proper size, then get away from it and let the machine do the rest, 
and one cut is enough for that tire, and that tire should be turned with 
a self-hardening tool steel. Npw, that is just as clear as I can make 
myself. I do not believe that old steel should be used in turning tires; 
I do not think that you can do anything turning a tire using old tool 
steel; you cannot get any results from it, I am positive of that, because 
I have tried it. 

Mb. Hubbe^l: That is just what Mr. Carney says. 

Mb. Cabney: That is what I am trying to get at, to show the ad- 
vantage of high speed steel on shop output over the tempering steel 
that was used a few years ago. 
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Mb. De Voy: If you will eliminate the old steel from it I will under- 
stand it. I cannot connect the two. 

Mb. Hubbell: In the old process the old style steel was used; now 
Mr. Carney recommends the elimination of that, and the use of the 
self-hardening steel, so you and Mr. Carney agree exactly. 

^Mb. Fobsyth: There is a statement in the first part of the paper in 
regard to the amount of carbon in high speed steel which I thinK per- 
haps the author may want to modify. It states that the high speed steel 
contains no carbon. The old self-hardening steel contains as much as 
i.3 per cent carbon, and in the change to the high speed steel, as the 
author says, the tendency has been to reduce the carbon to the minimum 
amount, and that has been replaced by chromium and tungsten and 
some other metals which are held a secret, but still the high speed steel 
does contain carbon; in fad, as I understand it, there is no steel which 
does not contain carbon, and I think, therefore, Mr. Carney will want 
to modify that statement. 

I tbink-the intecesting part of the paper is that which relates to the 
disposition of old tools, and the statement here is quite to the point 
when it says that "it may not be advisable to spend money for new tools 
where increased capacity would mean increased idleness." And then 
further on it states that "it is advisable to purchase a new tool if it can 
be shown that 20 per cent of its cost can be saved per year over and 
above the output of the old tool." I hope that Mr. Carney will explain 
how he arrives at that figure of 20 per cent. But the suggestion I would 
make in regard to old tools is that they ought to have a distinct relation 
to the character of the sh<^. If your shop is a manufacturing shop, 
you ought to keep out old tools as much as possible, and that is the 
place for new tools. If you are manufacturing, you can keep a new 
high capacity tool employed, but if you only have a small repair shop 
and buy a large, expensive tool, you will probably find, as Mr. Carney 
says, it is not occupied half the time, and that suggests an arrangement 
of material and supply in a railroad so that one of yoiw shops is doing 
most of the manufacturing, and that material is delivered to repair 
shops, finished as far as possible, and that the new tools be concentrated 
a1 the manufacturing shop. 

Mb. Febgusso:^: If there are any of the machine tool builders here, 
I would like to hear what they have to say on your charge that they 
cannot build a tool of the necessary weight and strength. 

Mb. Cabney: If there is nothing further to be added, the discussion 
on the paper will be closed. 

With reference to the subject of belts, the old-time machine is lim- 
ited in its belt capacity by the width of its cones and it is impossible 
to get a larger or wider belt on the machine. That is one of the reasons 
why the belting bills for some machines run so high; our inability to 
buy enough material to do the work the machine is trying to do. 

In reference to the capacity of the new machinery, I think that 
eveiry VML^^flne agent in Chicago saw me down stairs and convinced me 
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that they either had or were building new machines which would amply 
come up to any desires that might be set at the present time. One gen- 
tleman in particular gave me a list of tools which were in process of 
design or process of manufacture, or had just been finished, that would 
tax the high speed steel to its utmost capacity. 

In reference to discarding old tools, that is a proposition; as Mr. 
Forsyth said, that has to come up in each individual case. I know of 
two machines that were discarded from a certain shop as being abso- 
lutely worthless; the tools were not in bad condition, but their capacity 
both as to size and output was entirely inadequate. They were placed 
in a smaller shop and did very excellent work, .for the reason that the 
demands on the tools were no greater than their capacity. 

With reference to carbon in steel, I made the statement, "Since the 
discovery of the self-hardening steel, which contains some carbon, and 
the high speed steel, which contains no carbon," etc. That statement is 
quoted from tool steel agents. I have never made an analysis of any 
of the high speed steels or self-hardening steels, and I cannot say what 
they do contain, but not over ten days ago an agent for a certain high 
speed steel informed me that there was absolutely no carbon In his steel. 

Mb. Fercusson: Did you believe him? 

Mb. Cabney: I always believe everything an agent tells me. 

Mb. Hubbell: If there is no carbon, is it steel? 

Mb. Cabney: I am not prepared to answer that question, Mr. Hub- 
bell. I think that if it be called an alloy it would be better. 

With reference to the question of discarding an old tool and baying 
a new one when the new tool will save 20 per cent of its cost over the 
old tool, I have not any definite figures that I can present before the 
meeting except that in specifying new machinery I looked over the mat- 
ter very carefully and got an estimated saving per year for each macliine 
and it figured up very closely to 20 per cent. I assumed the wages of a 
machinist at practically ?1,000 a year. If we can give him a new tool 
which will turn out twice as much work as the old one, we are saving 
$1,000 a year in labor over the Installation of a second tool similar to 
the first one and if the new tools costs $5,000 the saving in wages would 
be 20 per cent. 

Adjourned. 
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The regular monthly meeting of the Western Railway Club was held 
on Tuesday, January 19, 1904, at the Auditorium Hotel, Chicago. Presi- 
dent D. F. Crawford in the chair. The meeting was called to order at 
2:30 p. m. 



Among those 
Ault, C. B. 
Bamum, M. K. 
Bell. J. M. 

Bennett, F. F. 

Bentley, H. T. 
Brandt, F. W. 
Brazier, F. 0. 
Britenstein, J. F. 
Brooks, P. R. 
Brown, J, M. 
Brown, R. L. 
Crawford, D. F. 
Cota, A. J. 
Cummings, E. C. 
Cushing, Geo. W. 
Dolan, H. P. 
Fenn, F. D. 



present the following registered: 



Forsyth, Wm. 

Frcy, N. 

Fry, C. H., Jr. 

Goss, W. F. M. 

Hall, J. E. 
Harris, E. K. 
Hoover, A. E. 
Humphrey, A. L. 
Keegan, J. E. 
Keeler, Sanford 
Kenyon, E. C. 
Kipp, A. R. 
McDonald; S. 
Menzel, W. G. 
Neubert, G. T. 
Otley, Benj. F. 
Owen, Elmo 



Peck. P. H. 

Riley, G. N. 

Robinson, Jay G. 

Royal, Geo. 

Shults, F. K. 
Sanborn, J. G. 
Taylor, J. W. 
Thurnauer, Gustav 
Terrell, C. D. 
Traver, W. H. 
Waggoner, W. B. 
Walbank, R. T. 
Webb, E. R. 
Wright, M. T. 
Younglove, Jas. C. 



President Crawford: The meeting will please come to order. The 
minutes of the last meeting have been printed and distributed, and if 
there is no objection, they will stand approved as printed. 
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Next will be the report of the Secretary. 

The Secretary then read the following report on membership: 

December, 1903 1,078 

Dropped account mail returned 4 

1,074 
New members 9 

1,083 

NAME. OCCUPATION AND ADDRESS. PROPOSED BY. 

Arthur Dinan, M. M., Atchison, Topeka ft Santa Fe Ry., 

Newton, Kan F. N. Risteen. 

Chas. Coleman, G. F., Chicago ft North-Western Ry. Co., 

Winona, Minn E. B. Thompson. 

J. M. Snodgrass, Instructor, University of Illinois, Ur- 

bana, 111 L. P. Breckenridge. 

R. E. Jones, care Chicago, Burlington ft Quincy Rail- 
road, Burlington, la J. A. Carney. 

A. V. Brown, Asst, Supt., K. C. St. J. ft C. B. R. R, 

St. Joseph, Mo F. H. Clark, F. A. Chase. 

Oliver S. Shantz, Rand Drill Co., Monadnock Block, Chi- 
cago W. H. Traver. 

A. H. Gale, Garrett, Ind J. W. Taylor. 

Bettendorf Axle Co., Davenport, la J. W. Taylor. 

Jos. M. Brown, Mgr., F. H. Lovell ft Co., Chicago, 111 J. W. Taylor. 

President Crawford: We have two papers for today. The first one 

will be on "The Manufacture of Boiler Tubes," a paper written by Mx. 

Geo. G. Crawford, of the National Tube Co., Pittsburg, Pa., who is» nnforta- 

nately, not able to be here. The paper will be read by Mr. F. K. Shnlts, 

and we have also with us Mr. G. N. Riley, who will take part in the 

discussion of the paper. The paper is as follows: 
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THE MANUFACTURE OF CHARCOAL IRON RAILWAY BOILER TUBES. 

By Mr. Geo. G. Crawford, National Tube Co., Pittsburg, Fa. 

It is assumed tbat the majority of the members of the Western Rail- 
way Club are not familiar with the manufacture of boiler tubes, and 
especially that part which pertains to the manufacture of the materials 
f i-om which the boiler tubes are made. This paper will therefore endeavor 
to describe the various processes from the charcoal pig iron to the 
finished tube. 




Plate 1. 

Plate 1 shows several stock piles of charcoal iron — on the left, native 
pig of usual shape, the center pile and the one on the right being various 
brands of Swedish charcoal iron cast in the characteristic form of the 
Swedish pig. 

The charcoal pig iron contains about 95.1 per cent of metallic 
iron, the remaining 4.9 per cent being carbon, silicon, manganese, phos- 
phorous and sulphur. 

The first problem is to separate these elements as nearly as possible 
from the iron. These elements oxidize more readily than iron although 
phosphorous and sulphur refuse to part from the iron except in basic 
environment. The separation is therefore made in three steps, the first 
aimed at^ eradicating particularly the silicon and manganese and part of 
the carbon; the second at the remaining carbon, phosphorous and sulphur; 
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and the third at removing the cinder which contains the oxidized form 
of the silicon, manganese, phosphorous and sulphur which remains in 
mechanical mixture with the iron. 

The first step is accomplished in the refinery or run out fire. (See 
Plate 2.) The refinery consists of a rectangular hearth over which is a 
hood and stack. Blowing engines supply air under pressure through 
Inclined tuyeres. A charge of several tons of charcoal pig is maelted 
down for about an hour; the molten metal is subjected to the strong 
oxidizing action of the blast. The silicon and manganese and some of 
the iron oxidize, forming a cinder which floats on the metal, which is 
then tapped into a long, broad cast iron chill where it solidifies, forming 




Plate 2. 

a large plate 3 feet by 10 feet by 3 inches thick, which is lifted out by 
a crane. In Plate 2, one of these plates is being removed. The plate 
is placed on the fioor where it is drenched with water while still hot. 
This loosens the cinder on top, permitting its ready removal. 

The quenching also cracks the plate, facilitating the breaking up 
into irregularly shaped pieces small enough to be handled readily. The 
plate metal, as it is now called, is a brittle, white metal, lustrous when 
freshly fractured, resembling white iron or Spiegel. The plate metal 
contains about 96.1 per cent metallic iron, the remaining 3.9 per cent 
being carbon, phosphorous and sulphur. The acid forming elements, 
silicon and manganese, being practically eliminated, the next step is to 
oxidize the phosphorous and sulphur in basic environment, whiclj is done 
in a "knobbling fire/' 



Charcoal Iron Railway Boiler Tubes 



13a 



Plate 3 Is a view showing one of tlie aisles of the knobbllng depart- 
ment There are ten fires in each aisle. The knobbling tiro is a slightly 
modified form of the old Catalan forge, which in the dawn of the Iron- 
making iiidusti-y was \med to produce wrought iron dh-eot froia the ore. 
In the upper part of the fire is an oven in which a charge of about 40D 
pounds of plate metal la placed. The main body of the hearth is tilled 
with eharcc»al, the fire started and the blast turned on through the tuyeres 
at the Bide. The plate, which litis be^'u heated by the waste gases, is 
drawn into the chnrcoal fire nnd covered with an addltinnal quantity of 
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1*LATE 3. 

charcoal, and as the fuel is consumed the fire is continually rcpleniisheil 
by the workmen. The metal melts gradually, and diTtp by drop trickles 
down through the charcoal, losing its carbon end piling up in the bottom 
of the fire in pasty form. A portion of the iron is oxldiaed, forming a 
strongly basie slag, which absorbs the phosphorus and sulphur as fast 
as they are oxidized. The workman, or knobbler as he Is called, is con- 
stantly dressing his fire, keephig the lump well into the center. About 
an hour and a quarter after charging '*the lump is made." 

The *'lump" is a pasty mass of sponge iron and cinder, oval in sliape* 
about 24 inches by 18 inches. It is lifted out of the fire by the knobbler 
assisted by bis helper and placed on a small buggy, wheeled to a large 
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steam hammer (See Plate 4) and the lump hammered slowly at first 
into block form, and then as the mass gets more compact, it is hammered 
harder until it assumes the form of a bloom. On Plate 4, under the near- 
est hammer, is shown a ball just ready for hammering, and under the 
more^ distant hammer is the hammered ball nearly finished into a bloom. 
The blows of the hammer expel the cinder which is mechanically mixed 
with the iron so long as the cinder is fiuid. The piece is continually 
losing heat under the hammer, and after it is hammered until the heat 
is no longer sufficient to keep the cinder fiuid, the bloom is taken to a 
heating furnace and heated to a welding heat, then brought back to the 




Plate 4. 

hammer and rehammered to remove a further quantity of cinder. The 
rehammered bloom is then put through the breakdown mill (See Plate 5), 
where it is rolled into charcoal bar, and the bar while still hot is sheared 
Into standard lengths and removed to the stock bank and piled. (See 
Plate 6.) 

The rehammering of the bloom is an innovation designed to improve 
the quality. The bloom is weighed after the first hammering and the 
knobblers and hammerman are paid by the ton on this weight, the 
consequent loss due to the reheating and hammering being cheerfully 
borne by the company in its effort to improve quality. 

To make plate for 2% inch boiler tubes, four charcoal bars about 1 
Inch thick by 8 inches wide by 36 inches long are piled one upon another. 



Charcoal Iron Railway Boiler Tubes 



1^5 



On a truck (See Plate 7) are seen several of these piles ready for cbarg- 
Ing into a beating furnace. In tbe beating fumaee tliese piles are brought 
to a ^welding beat and the white-hot pile is quickly thrust into tbe enter- 
ing pam of the continuous mill (See Plate 8). where the four bars are 
welded into a plate. In this operation the cinder which remains after 
the previous hammering, rebammerlng and rolling into bar is still fur- 
ther reduced in quantity, '*Here I would digress for a moment. The 
cinder Is nei-er entirely eliminated from charcoal iron. If there is any 
virtue in the claim that charcoal iron resists corrosion better than steel. 
It Is due to tbe cinder which remains in it/* For tbose users of tubes 
who wish to boil acid in their boilers, as platinum is too expensive, the 
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Plate 5, 



more cinder cbarcoal Iron contains the better. Yet it is hard to make 
the charcoal iron contain mncb cinder and at the same time make the 
Iron as strong and ductile as to pass the usual specifications. 1 am glad 
to note, however, that there is of late a tendency on the part of the 
milroads to adopt Mahomet's method of obtaining propinquity to the 
' motmtajn and after many years of fruitless endeavor to obtain a non- 
corrosive boiler tube, they are now building water-treating plants to 
coiTect the boiler feed water. 

In rolling boiler tube plate tbe continuous mill Is found to possess 
advantage over the three-hlgb. For not only Is the pile flrraly held and 
quickly welded as It passes without a stop from one set of rolls to an* 
other, l>ut the direction of flow of cinder Is maintained where on a three- 
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Plate 6. 




Plate 7. 



high mill it is reversed in each pass. In the final pass the plate is scarfed 
in order to make a proper lap, sheared into proper length and piled on 
a truck. (See Plate 8.) 
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The length and thickness nnd width of the plate for a eh en size 
tube is a delicate question which has been solved by expert eoee. The 
plate must be enough thicker than the tube to allow for the loss by 
oxidation or scale, in both the bending and welding furnaces, and also 
for the reduction in thickneas caused by the work done between the 
welding rolls and the welding ball. The length of plate must allow for 
the stretch of the material and for the crop ends. 

The ti'uck-load of plate is hauled by a broad gage locomotive to the 
tnbe and pipe department, where it is placed alongside the charging end 
of the bending furnace. The bending furnace is a Siemens' regenerative 
furnace with a flnt hearth on which the plates are placed t>y pushing them 



\ 



in lengthwise through an opening on the charging end. On the oppositer 
end of the furnace (See Plato 9) a plate, heated to a bright red, is gripped 
by a pair of tongs which are then attached to a moving chain on a draw 
bench and the plate is drawn through a bending die. ' I 

Thifi operation curves the flat plate into a cylindrical shape, oneJ 
scarfed edge of the plate lapping over the other edge. The skelp. as it 
18 now called, is ready for welding. 

The welding furnace is also a Siemens' regenerative furnac€% in 
which a very high temperature is maintained. The skelp is charged 
lengthwise through an opening in the chargkig end of the furnace (See 
Plate 10) with the lapped edges of tlie skelp on top. 
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Plate 9. 




Plate 10. 



On the opposite end of the furnace, and quite close to an evening, 
stand in housings, two welding rolls, one above the other. (See Plate 11.) 
In each roll is turned a semi-circular groove of slightly larger diameter 
than the tube which is to be made. A welding ball is placed upon the 
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Qd of a long bar and placed between tbe rolls. Wlien the skelp reaches 
be welding temperature It Is pushed into the rolls and as the 
Bkelp passes between the rolls and over the welding ball, the 
scarfed edges are firmly pressed together and welded. The tnbe 
la put back into the w elding furnace and again raised to welding heat and 
passes through the rolls and over the welding ball again, to insure a 
perfect weld. The bar is pulled out of the tube, the tnbe passed through 
another pair of grooved rolls which reduces It to the correct size and 
then through the cross rolls to straighten it and then to the finishing 
department. 



on 



I*LAT£ 11. 

Before leaving the wielding furnac*e, your attention is directed to 
the care taken to secure uniform gage. In order to secure enough pres- 
sure to make a good weld, the plate is scarfed in such a manner that 
the combined thickness of the two scarfed edges which overlap is thicker 

n the thickness of the plate. The pressure exerted by the top roll 
'on the weld side of the tube as it compresses this exti^a thickness at 
the weld is transmitted to the welding ball, which In turn presses the 
hot waH-of the tube on the side opposite the weld against the bottom 
rolL This action tends to make the tube thinner on the side opposite 
the weld. To prevent this, the plate Is rolled with a "heavy center.*' 
In other words, the skelp as it Ilea in the furnace is just enough thicker 
on the side opposite the scarfed edges to allow for the reduction which 
it gets in resisttug the thruet due to tbe pressure on the lapped edges 
in welding. 
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Tlate 12. 




Plate 13. 



In the finishing department the tubes are out to length in a cutting- 
off machine. (See Plate 12.) The crop end from each end of each tube 
is mashed flat (See left side of Plate 12) in order to see if the weld is 
good. 



$&. 




After cutting off, the tube is plnced in a testing pump (8ee Piute 13) 
and subjected to 500 pounds hydraulic pressure. From the pump, the 
tubes goes to the bench hack of the pump where it is gaged. While the 
tubes are passing the testing pumps, tests are cut from tubes in each 
lot and subjected to the tests shown on Plate 14, known as the ring test, 
tlie pin test and the f ange test. 

If the lot passes these ordeals, the bundler ties them up in neat 
ihundles and the tubes nre loaded for shipment. (See Plate 15.) 
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I would like to add that in the preparation of this paper I am in. 
debted to Messrs. J. B. Ayres and F. M. Speller for valuable assistance 
rendered. 



Pbesidbnt Cbawvobd: The paper is now ready for discussion, and 
if there are any questions to be asked, Mr. Riley will be glad to answer 
them. Mr. Van Alstyne, can you say anything in regard to the paper 
Just read? 

Mb. D. Van Alstynb (Chicago Great Western Ry.) : Mr. President, 1 
do not believe I have anything to say. I do not know anything about 
the manufacture of tubes; I have a large and extended knowledge of 
tubes that leak; I have not very definite knowledge of why they do it. 
I would be glad to hear something on that question. 

Mb. M. K. Babnum (C, R. I. ft P. Ry.) : I have noticed quite a fre- 
quent failure in boiler tubes due to pitting, and I have heard various 
ways of accounting for those failures, but I would like to hear what Mr. 
Riley would offer as a reason for the little holes forming as if they were 
eaten in, some of them not over a quarter of an inch in diameter, some- 
times nearly round and sometimes oblong, and usually not over half an 
inch in the largest diameter. 

Mb. Geo. N. Riley: Mr. President and Members of the Western Rail- 
way Club, in reply to Mr. Barnum's question on the pitting of 
boiler tubes, I would briefly state that we have just presented and read 
a paper on "The Manufacture of Charcoal Iron Boiler Tubes." We have 
endeavored to explain to you the different processes of manufacture 
of charcoal iron boiler tubes from the charcoal Swedish and native pig 
irons to the finished tube on the car ready for shipment. I am unable to 
give any definite information on the cause of tubes pitting in service. 
Every gentleman present knows as much about the cause of tubes pit- 
ting as I do. 

Mb. Babnum: Mr. President, I would like to supplement my other 
question by one which may bring out more information. Is there any 
foreign substance, or cinder, or anything of similar character which 
might be worked or rolled into the surface of the tubes, which would 
cause this pitting? 

Mb. Geo. N. Riley: In reply to Mr. Bamum I would state the experi- 
ence of our people in regard to tubes pitting is very limited, compared 
vi'ith the users of boiler tubes. While we hear of a great many cases 
of tubes pittiug, we are unable to tell the cause. If the cause is on 
account of imperfect or diseased material, we have been unable so far 
to discover it. Therefore, if it is within our power to prevent this trouble 
we h«ive been unable to discover the cause, consequently it would be 
diflacult to apply the remedy, notwithstanding we have spent a great 
deal of time and money to ascertain the cause of tubes pitting in steam 
boilers. If any of our various customers succeed in locating the trouble, 
and if it is within our power to prevent it as manufacturers, we woultf 
be only too glad to receive the information. 
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Prof. Wm. F. M. Goss (Purdue University) : Mr. President, the paper 
is 80 complete In the discussion of the process as to leave no room for 
discussion of the question. I enjoyed the presentation of the paper 
and have no suggestions to offer. 

Mb a. R. Kipp (Wis. (}ent Ry.): Mr. President, if I remember cor- 
rectly, there v^as a question brought up in the paper in regard to leaving 
a certain amount of slag In the Iron as a matter of being a benefit to the 
tube, or a prevention of this corrosion. I do not quite understand that 
part of It. If there Is any explanation to be made of it, I would like to 
hear more on that subject. 

Mb. Geo. N. Ridey: We endeavor to remove the cinder in order to 
get the iron. Some of the processes through which the charcoal Iron 
passes, namely, refining and knobbling, is for the purpose of removing 
the slag In order to get the iron. The slight amount of cinder that Is left 
in the iron after passing through these processes assists very materially 
In welding the pile as well as welding the tube. 

Mb. Kepp: Was it a misunderstanding on my my part that some of 
the slag is left in the iron to keep the tube from corroding? 

Mb. Geo N. Riley: It is claimed by some authorities that the reason 
a charcoal iron tube will resist corrosion much better than steel, is on 
account of the cinder contained in the composition, but In our manu- 
facture we aim to separate the cinder from the Iron in order to get a 
good strong Iron that will meet the requirements of the various specifica- 
tions for charcoal iron tubes. 

Mb. Kipp: That is what I want I want to understand. 

Pbesident Cbawfobd: Is there any further discussion? If not, we 
will proceed with the other paper, which is, "Economy in Railroad Opera- 
tion," by Mr. W. B. Waggoner. 

Mb. W. B. Waggoner: Mr. Chairman and Gentlemen of the Western 
Railway Club: The position taken In this paper is an extreme one, but 
that is perhaps an advantage if one desires to bring out all sides of a 
question, and I am not averse to changing my point of view, in the light 
of greater knowledge on a subject. The paper I have to present is as 
follows: 
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ECONOMY IN RAILROAD OPERATIONS.- (A SUGGESTION.) 
By W. B. Waggoner. 

Eailroads are the most expensively administered organizations in 
tlie world, aside from city governments. Also, the real or actual cost 
that will completely cover any particular item of operation or manufac- 
ture, is an unknown element in railroad accounting. 

That these are facts is well known to those who have studied the 
problem of costs in railroad operations, and must be so from the very 
nature of the conditions under which railroads are operated. 

Having had charge of the maintenance of equipment accounts of a 
large company for a number of years, an excellent opportunity was 
found during the hard times from '93 to '97 to study the subject of 
economies, as every item of expense was carefully examined with the 
idea of greater economies. The results showed most conclusively that 
something can be done along the line of more complete accounting and 
reduction of expenses. 

The ideas given in this paper nie the result of that experience and 
a study of the subject from a broader point of view. 

Railroads operate over wide expanses of territory, are directly ad- 
ministered by men who have no personal interest in the question of 
economies and who have all they can do to keep things moving. One 
great reason why no personal interest is felt, is, that the official in charge 
has no financial interests at stake, and being on a salary, may be look- 
ing for another jwsition tomorrow. A changei of management nearly al- 
ways makes more or less changes in minor officials, and often a complete 
one in heads of departments. Such changes are occurring monthly, and 
but a few days ago I overheard a remark to the eflCect that "if Mr. X. 
gets to be General Manager of a certain road Mr. A. would not last fifteen 
minutes.'' So it is not reasonable to expect men, under such circum- 
stances, to lay awake nights or work overtime, trying to save dollars. 
If one can make a record as an active man and a hustler he is doing all 
that he feels is necessary, both for himself and the company. 

All will agree, I think, at least those who have had direct experi- 
ence in the operating departments, that the man has done all that can 
be reasonably expected. 

It takes all of am officer's time to keep things moving during periods 
of activity, and this is just the time that expenses get the upper hand of 
everybody. Officials rarely have the time or opportunity to study econ- 
omies during periods of heavy business, even if they are anxiously in- 
clined to do so. ^ 

Every Superintendent, Superintendent of Motive Power, or Master 
Mechanic can testify to the fact that he has seen instance after instance 
where he might better conditions and consequent saving, If he only had 
time to "go after it." 



Economy in Railroad Operations 135 

The general situation as here outlined may be fully appreciated, and 
an operating officer see the thing to be done, and yet be helpless; so what 
is proposed is to give him assistance by establishing a co-operative 
bureau— not a department, to be known as the Bureau of Economies. 

This Bureau must be general in its character, directly under the super- 
vision of the General Manager. It will be an office of record, and the 
head of the bureau will have no executive authority whatever. Here, 
in my opinion, lies the secret of the success or failure of such a bureau, 
which must be entirely co-operative and advisory in its conception, or- 
ganization and administration. It must not interfere with the responsi- 
bilities or authority of any executive officer in charge of a department. 

With a man that can see without spying, can hear without sneaking, 
that can co-operate and advise without interfering— with such an official 
head to the bureau, it could be of enormous value. 

The organization should be as simple as possible-shaving for a large 
company: A Head of the Bureau, an assistant in charge of transporta- 
tion economies, an assistant in charge of maintenance of equipment 
economies, an assistant in charge of M. of W. & S. economies, a chief 
clerk to co-operate with the three assistants. 

On a small line, the Head of the Bureau could look after all depart- 
ments, but this would not be possible on the large organizations we have 
today. 

Standing committees should be organized with( the superintendent of 
the department as chairman, Head of the Bureau of Economies, and the 
official next in line to the superintendent of department. 

For a Transportation Division, the committee should consist of the 
superintendent of the division, Head of the Bureau of Economies, or 
assistant in charge of transportation economies., and official next in line 
to superintendent. 

The Head of our Bureau should be constantly in touch with all 
operating details and operating officialSr— he should suggest to the heads 
of departments any points he may observe that could be investigated to 
an economical advantage, and particularly look for suggestions from 
such official heads. 

Where a general office is concerned in direct operation, as General 
Superintendent or General Superintendent of Motive Power, these offi- 
cials should be ex-officlo members of the committees, advised of all that 
is being done and to act on the committees if they so desire. 

The Bureau should collect and keep a complete record of all operat- 
ing statistics and expenses. In the case of special investigations, should 
furnish all clerical labor if necessary, and co-operate directly with the 
official in charge. The results are for the head of the department, and 
it Is for him to decide upon the course to be followed in carrying out 
any recommendations of the committee. Only in this way can be pre- 
served the dignity and responsibility of the operating official, and make 
the Bureau something to be used and appreciated. Any system of 
spying is disgraceful and disorganizing; it can only lead to bad results 
in the end, both to Ihe department and the official in charge. 
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The Head of the Bureau of Economies should report directly to the 
General Manager, who is thus fully advised of what has been done. 
The Head of any department concerned In the report must therefore 
advise the General Manager of the action taken, either that the recom- 
mendations have been acted upon, or reasons given for not acting. 

The General Manager sees wide discrepancies in operating expenses 
on different divisions; the Bureau can look into them and would find, 
probably, bad accounting in some cases, in others bad management. 

On all railroads, it is safe to say, there is more or less bad account- 
ing. The auditors are usually satisfied if reports are on time and 
balanced up correctly, but whether care has been exercised in the 
distribution of labor and material to the proper expense accounts is a 
matter about which an auditor cannot know, unless some one from the 
accounting department is constantly in touch with the clerks in direct 
charge of the distributions. 

Railroads do not, as a rule, establish any other records than those 
required by the auditor, and his office is, not specially interested in how 
to economize. 

Administration without proper records can never be truly econom- 
ical, for you cannot tell what was done last month as compared with 
to-day. The records needed differ from the auditor's requirements and 
are the subject of special study for each point of operation. 

The question of special accounting for the purpose of economies 
is one that railroads could take up with great advantage. There is 
not a railroad in the country that can tell the actual or complete cost 
of any particular operation, of train service, track department or shops. 
It is a case of estimates, guesses everywhere— more or less accurate, 
depending upon the intuition of the guesser. I once astonished our 
chief engineer by my rule for actual costs basM on estimates, which 
was to get the estimate as carefully as possible and multiply by three. 
He was more than half inclined to agree with me, but said we Qould 
never get an appropriation on that basis. 

A new general shop was built that was not to be attached to any 
particular division, and at my solicitation, the Superintendent of Motive 
Power obtained from the General Manager his consent to put the shop 
on the basis of a private industry — i. e., the plant exists for the produc- 
tion of work — charge everything about the plant to the work, and bill 
other shops for all the work done. The result was that the costs at 
this shop appeared to be from 40 to 60 per cent greater than at any of 
the others. I say appeared, because in reality the cost was less— it was 
a case of accounting, as the other shops never were able to get at the 
true costs, and I had great difficulty in proving it to the master me- 
chanics. A large number of items are made at railroad shops that can 
be purchased cheaper outside, if their actual costs were known, but 
many masten mechanics will 5?a.y that flat cost and ten per cent is close 
enough to real cost, for the stalement that the shops can make a 
thing cheaper than it can be bought— forgetting that heat, light, power, 
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handling materials, general labor, shop repairs, supervision, etc., are 
all legitimate parts of the cost per unit. A manufacturing plant that 
did not take these items into consideration in figuring cost would be 
bankrupt in a year. 

Master mechanics, shop foremen and shop clerks need education 
along the line of more careful economiral accounting, and this education 
can best come from such a place as our Bureau of Economies. 

The scientific method is now dominant in all branches of business. 
Science means knowledge, and its significance becomes evident as soon 
as it is seen that knowledge is the opposite of guesswork and specula- 
tion; that the determination of facts is the antithisis of the appeal to 
the imagination as a basis for guessing at the cost of work, much 
of which has been and still is a fairy tale evoked from the inner- 
consciousness of imaginative foremen. 

Whatever work is being done, the fact of its cost is the first re- 
quirement, preliminary to the further facts to be discovered, in ord«r 
that it, and every other agency of nature as well as art, may be 
directed to an economical product. 

A scientific method in accounts is as fundamental in educating men 
who are to have charge of work as any other part of the systeih of 
technical education, and this is now being recognized to some extent 
by technical schools. 

The Bureau of Economies involves a close connection with all the 
producing elements, and its head and assistants should have such 
familiarity with the work as to be able to intelligently discuss any 
details involving questions of economy with the heads of departments. 

The Bureau must be prepared to meet the demands of a large 
variety of interests after sufficient time has been allowed for its com- 
plete organization. The final form and extent of this Bureau must 
necessarily be determined by experience and any preliminary outline 
must be provisional. Tho Bureau will be subject to constant change, 
amplification and improvement in detail, as the progress of the work 
permits or compels, until the adjustment to the requirements becomes 
perfect 

Ultimately such a Bureau will be doing all that can be asked of 
it, and it is possible that a technically educated young man entering It 
would find himself as well, if not better, fitted for promotion to an 
executive position in a shorter time than might be possible in other 
lines. 

The broad and accurate knowledge to be obtained in such environ- 
ments would make his progress into the executive departments, if he 
had the proper qualifications, as smooth and easy as his talents and 
industry would permit. 

It may be questioned if a man strong enough for the head of such 
a Bnrean as we have described, would accept such a position, but I am 
positlTe that every railroad company has a number of men in its em- 
ploy, who have all the qualifications for promotion to department 
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heads, yet lack that most important one of executive ability. Such a 
man could well take charge of the Bureau and make it a success, as 
he would be better able to investigate and co-operate, without inter- 
fering with administration. Whereas a man of good executive ability 
might be too much inclined to forget the co-operative spirit and do 
things which would antagonize the official heads of departments— all 
of which much be avoided if success is to be obtained. 

And success can only be secured by systematic education in eco- 
nomic production. In no department is this more essential than in engi- 
neering work, where a perfect economic system is most essential to 
successful operations. 

Our Bureau also could be of great help in the adjusting of labor 
questions. An element that is aside from the immediate control of labor 
can handle questions', of differences much better than those in direct 
supervision, and the reason for this is that the outside man feels he 
can afford to be on the generous side, and experience has proven that 
the generous side will win in the end. 

The ordinary man is full of personal prejudices; in every direction 
we see men overrated by their superiors through friendships and others, 
which is more commonly the case, degraded through dislike or under- 
rated through ignorance of what a man is really worth. 

It has been found in promoting men in shops that the best interests 
of the company are conserved by a transfer to another shop among 
strangers where the personHl element is removed, and this same argu- 
ment holds good in the settlement of labor questions and the Bureau 
would relieve the heads of dopartmuiits of many disagreeable positions. 

The Bureau would have records of the rates paid at various points, 
and when possible on other roads, would be familiar with the conditions 
at each shop or on each division; would have the time to thoroughly 
investigate complaints, and more than likely be able to convince the 
men, if the complaint is not a fair one, and thus settle the matter. 

Many times dissatisfaction comes through bad conditions and un- 
fair treatment at the hands of foremen. In many cases the conditions 
and the unfair treatment are imaginary, and the shop officials are apt 
to ignore such complaints without trying to settle them, thus sowing 
the seed of deeper discontent. Our Bureau ever on the watch for such 
things would step in and heal the trouble before it could ever get to 
such a serious £>oint as a strike. 

The wage-earner is also disturbed by the fallacious array of one- 
sided statistics put forward by the agitators and some socialistic 
writers. The fact is either not known or ignored that the laborer is 
better paid, and able to get more physical comforts, together with a 
better education for his children, than ever before in the history of 
the world. Also that employers are more willing to help the wage- 
earner to better conditions, if he will but stop kicking long enough to 
look into the other side a little. But this is not a paper on the labor 
question, this digression is only to emphasize the fact that the Bureau 
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could be/ a great and saving help in this important direction, because 
the great unrest of labor will only be settled when the employing 
side takes enough interest in the subject to educate their employees 
to a proper appreciation of some of the commonest laws of life and 
trade. 

The solution of the economic problems is not in the antagonism and 
abuse of one department by another; not in one official condemning or 
ciiticiBing another, nor in the employees cursing the officials, but in 
honest, sympathetic co-operation between both sides. 

You have heard the story from Aesop, illustrating cooperation: "A 
blind man and a lame man meeting upon the road and commiserating 
with each other on their hard lines, the lame one said: < If you will be 
feet to me, I will be eyes for you' — so the blind man carried the lame 
man, and the lame man guided the blind man. Both men arrived at 
their journey's end quickly and without accident." So it must be with 
officials and employees. Railroads are helpless without labor— and labor 
has always been blind to its best interests. 

The greater intelligence, administrative elements and all-around 
business abilities are found on the employer's side, and the wage- 
earner ought to be recognized to the extremest degree by the employ- 
ers and guided by them. Through the influences of our Bureau both sides 
could work together and the employer keep a strong hold on the 
administrative elements that he ought not, and will not give up, as is 
demanded by the labor organizations. 

The time is rapidly approaching. In fact now is, when dividends 
will be a more important element in railroad operations than has been 
the case. Earning fixed charges and operating expenses has been only 
necessary to keep the property out of the receiver's hands. There is 
no direction where net earnings can be augmented as easily as by the 
cutting down of wasteful and unnecessary expenditures, and a Bureau 
of Economies can be made a most helpful and efficient adjunct to the 
increasing of that last column of the statement, which the General 
Manager always looks at first: "Net Earnings." 



President Cbawfobd: The paper is now before you for discussion. 

The Secbetaby: Mr. President, I have one or two written discussions 
from members of the club, which I would like to read. 

The Secretary read the following discussions: 

Mb R. H. Soule: At one place in his paper, Mr. Waggoner says: 

"There is no direction where net earnings can be augmented so easily 
as by the cutting down of wasteful and unnecessary expenditures.'* 

This is, of course, the keynote of Mr. Waggoner's whole argument, 
and to all who are acquainted with the details of railway operation is a 
self-evident proposition. 

In another place, he says: 
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"The real or actual cost that will completely cover any particular 
item of operation or manufacture is an unknown element in railroad ac- 
counting/' 

And, still again, in another place: 

"There is not a railroad in the country that can tell the actual or 
complete cost of any particular operation of train service, track depart- 
ment or shops.*' 

It will seem to many, I think, that these statements are somewhat 
too sweeping, for there are certainly a gieat many items of the cost of 
operation which are accurately known on most railroads. The fact re- 
mains, however, that the determination of the costs of railroad operation, 
whether in general or in detail, is susceptible of a great deal more refine- 
ment than has usually surrounded it, and that fact, of course, is what 
Mr. Waggoner has in mind. To quote again, he says: 

"A large number of items are made at railroad shops that can be 
purchased cheaper outside.** 

While this is undoubtedly true of some, and perhaps of many shops, 
it is not necessarily true of all shops, and In fact, there are evidences 
that it might be truly stated, on the other hand, that there are a large 
number of articles that are purchased in the market that can be manu- 
factured at railroad shops more cheaply. 

Further on Mr. Waggoner says: 

"Railroads do not, as a rule, establish any other records than those 
required by the auditor.** 

This was, in my judgment, absolutely true twenty years ago, but 
since that time a great many railroads have introduced accounts or sub- 
accounts in several departments not required by the auditor at all, but 
established by the heads of those departments to facilitate accurate cost 
keeping and to improve their records of operating data. Mr. Waggoner 
will probably remember that what is known as the Shop Order System 
was established in 1883 on the railroad with which he was for so many 
years connected, and will bear in mind that that system of shop account- 
ing was not required by the auditor, but was simply introduced and estab- 
lished on the initiative of the Motive Power Department, with the aud- 
itor's consent, however; but it was simply what may be called an inter- 
mediary account, through which charges for labor and material were 
passed and assembled, so that footings could be ascertained and recorded 
to represent the cost of individual jobs of work done in the shops. The 
monthly statements which finally reached the auditor were in no way 
modified from the forms previously used, and, in a certain sense there- 
fore, he was not in any way interested in these Shop Order Accounts. 

Elsewhere Mr. Waggoner says: 

"Officials rarely have the time or opportunity to study economies dur- 
ing periods of heavy business." 

This being the case, the question arises, why officials do not study 
economies when business is slack. Certainly by so doing they can estab- 
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iish acoonntB and reoordfi, the keeping of which is simply a clerical mat- 
ter, and tlie operations of which will be practically automatic after they 
are once f cnrmally efrtablished. 

Mr. Waggoner says again: 

^I once astonnded onr chief engineer by my rale for actual costs, 
based on estimates which was, to get the estimate made as carefully as 
possible and multU>ly it by three. ** 

While railroad estimates hare been proverbially inaccurate and un- 
reliable, it does not seem to me that the situation is hopeless, or that 
there is anything impossible about getting estimates whi<di are reasonably 
accurate and on which sufficient reliance can be placed to go ahead and 
act on them without adding any percentage to cover uncertainties and 
variations. On one railroad, with which 1 was formerly connected, the 
best man in the drawing room was detailed to make estimates for the 
superintendent of motive power. He was given the title of assistant 
engineer. His office was adjacent to that of the shop clerk of the prin- 
cipsl shop of the system and to the general storekeeper of the whole 
system. He was put into working relations with these two offices, and 
gradually accumulated in his office a great deal of tabulated data relating 
to costs of labor, material and completed jobs. He was provided with 
certain blank forms which were used in making estimates. It was his 
business to make up complete bills of material and to complete the esti- 
mates of the cost of all materials which entered into the construction 
of jobs. When it came to the item of labor, however, it was his business 
to furnish direct to each department foreman of the shops the necessary 
data as to the work to be expected of that department, and on receipt of 
this information the foreman of the department made his estimate of 
the labor involved. His estimate was passed up to the master mechanic 
who, if he approved of it, signed the papers and passed them along to 
the assistant engineer. Within a year this man had become so expert 
and efficient that he produced estimates which were remarkably close. 
Many instances might be stated, but one is sufficient. It related to a job 
of building construction which involved labor on the part of laborers, 
masons, carpenters, blacksmiths, machinists, tinsmiths and erectors. The 
estimate placed the cost of the job at about $3,000, and when the work 
was completed, some three months later, and the cost finally totalized, it 
was found that it varied from the estimate by slightly less than $75. 
This was not an exceptional case but only an average sample. 

Mr. Waggoner's note of warning is well sounded, and certainly every 
railway officer ought to have his Bureau of Economies on which he can 
lean, but it seems to me very doubtful if it would work out well to have 
one Bureau of Economies for the whole road. It seems to me rather that 
each department ought to have its own bureau. For instance, the super- 
intendent of motive power of a large system could readily organize his 
own Bureau of Economies entirely within the limits of his department, 
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and could, in my Judgment, get much better results In that way than 
if depending on a bureau over which he had no control, but which was 
under the direct supervision of the general manager. 

Is it not a correct principle that, when the cost of a Job is to be 
recorded, the clerical work of assembling the items of labor and material 
should be done in the office of that officer first in the series, from lower 
officials to higher officials, who has complete jurisdiction over the work 
done? For instance, take a job of work which is done and com- 
pleted at any one shop, should not the cost of that job be recorded 
by the shop clerk of that shop? Similarly, take some matter of cost 
which covers the whole road, as, for instance, the cost of repairs of 
locomotives per mile run, should not the record of that cost be kept in 
the office of the Superintendent of Motive Power, by the Accountant of 
that department, who is generally or often known as the Motive Power 
Clerk? 

Again, if a large job is to be undertaken, involving the co-ordinate 
labor of several different departments, should not the record of the costs 
of that job be kept by the auditor of the road? For instance, take the 
case of new shops, such a job may easily cost over $1,000,000, and will 
probably involve labor in the accounts of the Engineering Department, 
Maintenance of Way Department, Motive Power Department, the Transpor- 
tation Department, the General Storekeeper's Department, the Purchasing 
Agent's office, and quite likely the Legal Department. It would seem that 
in such case as that the records of the cost of work ought to be kept 
in the auditor's office, as he is the only officer who, in a certain sense, is 
superior to all these, and to whom all these others pay tribute in the 
matter of accounting. 

As bearing on this general question, it may be stated that the cata- 
logue of the American Society of Mechanical Engineers, recently issued, 
includes the names of some five or six men who give their occupations 
as being that of an "Estimating Engineer," and it seems reasonable to 
suppose that there is a great opportunity for the estimating engineer in 
railroad service; but, it being conceded that every railroad is in need of 
a Bureau of Economies, the main question is: Whether it is better, as 
Mr. Waggoner suggests, to have one central Bureau of Economies for 
the whole road, or for each department to have its own bureau. Person- 
ally, I believe in the latter method. 

George Welsby Scott: According to Mr. Waggoner, "Railroads are 
the most expensively administered organizations in the world, aside from 
city governments.** 

He also claims that: "The real or actual cost of any particular item 
of operation or manufacture is an unknown element in railroad account- 
ing." 

He further states that railroads "Are directly administered by men 
who have no personal interest in the question of economies and who 
have all they can do to keep things moving.** 
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And he informs us that ''One great reason why no personal interest 
is felt is that the olficial in charge has no financial interests at stake, 
and being on a salary may be looking for another position tomorrow." 

Then, because of the probability of managerial and official changes, 
Mr. Waggoner says: "So it is not reasonable to expect men under such 
circumstances to lay awake nights or work overtime trying to save dol- 
lars. If one can make a record as an active man and a hustler he is 
doing all that he feels is necessary, both for himself and the company." 

And concerning this conclusion, Mr Waggoner further states: "All 
will agree, I think, at least those who have had direct experience in the 
operating department, that the man has done all that can be reasonably 
expected." 

Further on, Mr. Waggoner states: "Officials rarely have the time or 
opportunity to study economies during periods of heavy business, even 
if they are anxiously inclined to do so. Every Superintendent, Superin- 
tendent of Motive Power, or Master Mechanic, can testify to the fact that 
he has seen instance after instance where he might better conditions 
and consequent savings if he only had time to go after it." 

• • • 

Mr. Waggoner treats his subject boldly and frankly; and having con- 
cluded his exposition of administrative laxities and operative inefficien- 
cies, he suggests, as a corrective, the institution of a Bureau of Economies, 
and he particularly states that the bureau is not to be a "department," 
but an organization co-operative and advisory, without any executive 
authority whatever. 

According to Mr. Waggoner, the head of the bureau should be con- 
stantly in touch with all operating officials and operating details, and the 
bureau should collect and keep a complete record of all operating sta- 
tistics and expenses. The bureau is also to be concerned with general 
and special accounting, the formulation of correct estimates an& the edu- 
cation of master mechanics, shop foremen and shop clerks in the line of 
more careful economical accounting. 

Mr. Waggoner also states: "The Bureau of Economies involves a 
closer connection with all the producing elements, and its head and as- 
sistants should have such familiarity with the work as to be able to 
intelligently discuss any details involving questions of economy with the 
heads of departments." 

And on page 5 Mr. Waggoner remarks: "Our bureau also could be 
of great help in the adjusting of labor questions. • • • The bureau 
would have records of the rates paid at various points and, when possi- 
ble, on other roads. It would be familiar with the conditions at each 
shop or on each division; would have the time to thoroughly investigate 
complaints, and more than likely be able to convince the men if the 
complaint is not a fair one, and thus settle the matter." 

"Many times dissatisfaction comes through bad conditions and unfair 
treatment at the hands of foremen. In many cases the conditions and 
the unfair treatment are imaginary, and the shop officials are apt to 



144 Proceedings Western Railway Club 

Ignore such complaints without trying to settle them» thus sowing the 
seed of deeper discontent Our bureau ever on the watch for such things 
would step in and heal the trouble before it could ever get to such a 
serious point as a strike." 

In another part of the paper Mr. Waggoner says: "Standing com- 
mittees should be organized, with the superintendent of the department 
as chairman, head of the Bureau of Economies, and the official next in 
line to the superintendent of department." And in the case of special 
investigations, "The results are for the head of the department, and it 
is for him to decide upon the course to be followed in carrying out any 
recommendations of the committee. Only in this way can be preserved 
the dignity and responsibility of the operating ofAcial and make the 
bureau something to be used and appreciated.'' 

And with further respect to this point Mr. Waggoner states: "The 
head of the Bureau of Economies should report directly to the General 
Manager, who is thus fully advised of what has been done. The head 
of any department must, therefore, advise the General Manager of the 
action taken, either that the recommendations have been acted upon, or 
reasons given for not acting." 

• • • 

With no more ceremony than he exercised in his exposition of what 
he considers the condition of the executives and officials in general con- 
cerned in railroad management, Mr. Waggoner creates his Bureau of 
Economies, and at once imbues it with the qualities of omniscience and 
omnipresence. For this bureau notliing is too deep, or too abstruse. All 
things are alike to it, from track matters up and through the whole 
range and sequence of equipment, motive power, traf^c and operating. 
Even the auditing department is but an incident in its infinite compre- 
hension. And just why the legal department is not included in its scope 
is not staled. The labor question is, however, abundantly cared for and 
in this Bureau of Economies railroad companies are promised a means 
whereby strikes and feverish discontent may be avoided. For has not 
Mr. Waggoner told us that his "Bureau, ever on the watch for such 
tilings, would step in and heal the trouble before it could ever get to 
such a serious point as a strike.** 

And has he not also told us that this ever thoughtful bureau "Would 
have the time to thoroughly investigate complaints, and more than likely 
be able to convince the men, if the complaint is not a fair one, and thus 
settle the matter.*' 

And may we not here ask — and what about the complaints that are 
fair ones? Will the bureau so smoothly and so convincingly arrange 
matters with the company? 

It is to be regretted that Mr. Waggoner does not enter more at length 
concerning the peculiar and favorable environment from which he would 
secure the personnel of his bureau. True he is 'Tositive that every rail- 
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road company has a number of men in its employ who have all the 
qualifications for promotion to department heads, yet lack that most 
important one of executive ability.** 

But is this sufficient? It would appear not. Certainly not if the 
members of the bureau— including its otherwise capable but non-execu- 
tive head— are taken from the salaried class, for has not Mr. Waggoner 
told us that "One great reason why no personal interest is felt is that 
the official in charge has no financial interests at stake, and being on a 
salary may be looking for another position tomorrow.". 

And if we are willing to join with Mr. Wagoner in assuming that 
such excellent characters as he depicts would be likely to take a per- 
sonal interest in their work, can he assure us that they, unlike ftheir 
coarser minded fellows of the official rank, would not b^ "looking for 
another position tomorrow." 

This is an important point; for if Mr. Waggoner is going to procure 
his bright bureau men from the opulent class— that in which there exists 
no occasion for the disquieting thought of a position tomorrow or, indeed, 
at any time — how can we be assured that there will be enough of these 
favored ones to supply the many bureaus required for the several rail- 
road companies? Then, too, who will guarantee a continuance of their 
"personal interest" in the multifarious duties assigned them? 

It is, perhaps, fortunate for Mr. Waggoner's railroad officials that 
he did not give executive authority to his Bureau of Economies; for with 
the astuteness of this bureau it is not conceivable that its members could 
do otherwise than discharge the entire list of officials because of the 
lack of interest and ability, and even the absence of self respect which 
Mr. Waggoner so clearly ascribes unto them. And then having performed 
this commendable duty, and having in due course selected competent 
people to fill the several positions — no easy task, to be sure, seeing there 
are so few available ones who do not need a salary — there is only one 
other thing to be done by this bureau, and that is — discharge itself. 
This, in fact, is a logical sequence. For if the officials are inefficient, and 
Mr. Waggoner's argument shows them to be such, then their replace- 
ment is an economical necessity. On the other hand, if the officials — old 
or new — are held to be competent after due consideration by the advisory 
bureau of economies, then wherefore the occasion for the further exist- 
•ence of said bureau? Was it not created by reason of the inefficiency of 
Mr. Waggoner's officials? And granting the selection of proper and com- 
petent officials — surely a no more difficult task than the selection of mem- 
liers for this wonderfully, comprehensive and tactful bureau — what reason 
could be held for its further continuance, seeing that the need, the occa- 
sion, no longer exists. It would appear that the economically minded 
l)ureau would be first to concede this point and at once send in its res- 
ignation. 

• • • 

A railroad company is large in proportion to the territory covered and 
"the extent of its traffic. But whether large or small, the degree of economy 
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with which its affairs are administered and its operations conducted will 
depend upon a multitude of circumstances not all of which are to be 
found within the direct province of the mechanical, operating and audit- 
ing departments. 

That there is an ever existing opportunity for the exercise of econom- 
ical measures is a truism. The occasion seemingly keeping pace with 
the advance in knowledge of methods, processes and appliances. That 
which may have been the best in other days being, in some instances,, 
economically inferior to that which is attainable today. 

And how shall these better and improved measures be applied so that 
this or that railroad company may reap the economical results to be 
gained thereby? What other way is open than through the direct per- 
sonnel of the executives? What if the advisory bureau of economies is 
rich in suggestion, fruitful in resource, and smooth and tactful in its 
relation with the several departments— is there yet not always some one 
who is to say— *'Go ahead?" And if the executive or ruling officials- 
salaried or otherwise — do not for this or that reason see fit to adopt the 
%rarious recommendations made, perhaps time and again, by the bureau 
of economies, how long will even the apparent usefulness of the bureau 
be recognized? 

Is it not reasonable to suppose that in good time the bureau would 
either dominate or be dominated? And if the former, then the bureau 
would become the executive in fact, leaving the holders of the titles or 
positions as figure heads, or automatons, to be moved in accordance with 
the dictates of the domina'ting bureau. On the other hand, is the help- 
lessness and uselessness of a dominated advisor, whether that advisor be 
a bureau, or other body, or a single personage; for the advisor then be- 
comes the automaton, and a pitiful object it presents under these stulti- 
fying conditions. 

Clearly, it must be conceded that if good, bright and capable men 
may be secured for this or that bureau of activity (for, after all, the 
reformer is essentially an active personality), then the same men may 
be procurable for official positions. And it surely is no argument on the 
part of Mr. Waggoner to ascribe less admirable qualities to the officials 
than he bestows upon the people of his bureau. So that, in the final 
analysis, we must have resort to the executive organization as that which 
admits of any improvement whether in administration in general or 
operation at large. 

Given as president, or executive in chief, a broad minded, generous 
man of large capacity and abiding faith, and he warmly and loyally 
supported by his competent staff of, say, general manager, superintend- 
ents, and lieutenants at large, as the case may be— and these in turn na 
less willing to be broad minded, generous, and trustful with respect to- 
those in service with them, regardless of degrees, and you will have a 
bureau of economies at first hand. A bureau at once upon the spot,^ 
bright, cheerful and alert. And what if the pressure of business requires 
most of them to be actively engaged In keeping "things moving"— is this- 
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not the very fundamental requirement — the essential function — of a trans- 
portation company? And who better able to improve upon existing con- 
4litions than the active and ef^cient ones who are constantly wrestling 
VFith the occurring and recurring problems? 

Nor let any of us acquire a wrong notion from the charge that because 
•one is in a salaried position he must necessarily be indifferent to the 
•economical interests of his company and "may be looking for another 
I>osition tomorrow.*' For if any of your subordinates are of the order 
describes by Mr. Waggoner, then look to it that your treatment of them 
Is of the nature to engage theiir interest. Place some trust in their ability; 
assign them responsibilities— small or great as the case may be; and 
not only will interest be awakened, but the fertility of other minds will 
7}e added to make your work successful. And as one would look for 
loyalty and interest on the part of one's subordinates, and would do that 
to engage it, so in turn may he be loyal and interested in the work 
assigned to him by those higher in authority. 

President Crawford: We will be glad to hear from members that 
are present on this subject. 

Prof. Goss: In his introductory remarks Mr. Waggoner has warned 
lis that his paper represents an extreme view, and having such a warn* 
ing, we should not be easily startled or surprised. I must confess, how- 
-ever, to having been very greatly surprised by portions of the paper, for 
I have been taught to believe that even an extreme view should be true. 
Is it true that "railroads are the most expensively administered organi- 
zations in the world aside from city governments?" Any corporation is 
an organization. A bank which, through the most reckless mismanage- 
ment, has been brought to failure, is an organization. Any newly 
launched trust, the chief purpose of which may be the support of high 
salaried officers, is an organization. The administration of such organi- 
zations as these may fall very low in the scale of efficiency, and yet the 
43tatement which I have quoted places railroads, not some particular road, 
l)ut railroads in general, below the least excusable and very meanest 
"Of these. Certainly the management of our railroads deserve no such 
arraignment. 

I know not what the real facts may be, but I fancy that if a fair 
t)asis of comparison could be had that it would then appear that the 
"better railways are managed as economically as the better class of cor- 
porations devoted to manufacturing. This, however, is merely my per- 
sonal opinion based upon such observation as I have been able to make. 

Another statement which shocked me as I read it was one to which 
Mr. Scott has already called attention, namely, that which implies that 
salaried men have no personal interest in this work; that it is only when 
men are financially interested in the outcome of their work that they 
will exert themselves to secure economy in the administration they serve. 
Such a view puts a low estimate on the purposes of men, an estimate 
too low to have much significance in its application to the great mass of 
men who are administering the affairs of American railroads. I believe 
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that as a rule railway men are loyal to their trust They are often 
charged with great responsibilities which serve to bring out the strongest 
and best qualities of manhood. Few men can long stand as the adminis- 
trator of a great trust without feeling that the trust has something of 
divinity in it. Inspired by such a feeling, I believe that the average 
railroad official on a salary carries his responsibilities as seriously, and 
is as untiring in his efforts, as would be the case if he shared in the 
profits of the company he serves. 

Mb. C. B. Ault (Homestead Valve Co.) : Mr. President, the paper 
infers that there are a great many officials appointed through favoritism. 
This may be, but I think if we look over the railway officials of our own 
acquaintance, we will find that they were not appointed through favorit- 
ism, through being related, or friendship, although some officials have no 
doubt been appointed in that way. But how does a man become a favor- 
ite? A man becomes a favorite by doing his work properly, by looking 
out for the interests of employers and those over him. 

I would like to give a little illustration which I think applies. I 
have a boy who is ten years old. Last winter he was having consider- 
able trouble at school. I thought he was being abused; I did not take 
the matter up, because I thought he would be out of that room, and he 
was, but the teacher was promoted to the next grade, and so he had the 
same teacher again this winter. The same trouble started and was 
going on; I was getting complaints, and I told him finally that the next 
time he was kept in and punished at school, I would punish him at home. 
A short while after that he was punished at school, and I punished him 
at home. About a week afterwards I asked him how he was getting 
along. "Well,'' he said, "I tell you that teacher is doing better than she 
was last winter." I think, from the experience of a salesman, that 
every day I am looking out for the economical interests of the railroads, 
and every man that I run up against is doing the same thing; every 
official is very deeply interested in saving, and they want to be shown 
that I have got something that is economical. Sometimes we can show 
them and sometimes we cannot. They are very careful and every thought 
seems to be economy, economy, and my experience teaches me that they 
are after the strictest kind of economy. 

Mb. Babnum: Mr. President, I would like to take exceptions to the 
views advanced by the writer of the article, that railroad men ignore 
the matter of economy. It has been my observation that fully 50 per 
cent, if not more, of most railroad men's time is taken up figuring on 
economies. Their views differ as to the means of obtaining those econo- 
mies, and the views that were generally accepted by the best railroad 
men as productive of economy a few years ago have been modified, and 
are still changing, so that what we now consider economical practice 
may be cast aside for new and better practice, based on more experience, 
five years from now. 

It seems to me that, if a Bureau of Economies were established, it 
would be more difficult than the writer thinks to select the right kind 
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of a man for the head. I believe the man who could properly manage 
those economies would very soon be a railroad president, and the matter 
of handling the labor question is one which would trouble that bureau 
of economies more than getting their statistics together. 

In meeting committees of shopmen, including blacksmiths, boiler- 
makers, machinists, carmen, and engineers and firemen during the past 
year, it has been my observation that those men bring up some very 
shrewd arguments to support their claims for more pay, or being relieved 
from certain duties and other concessions which mean increased expense 
to the railroad companies, and that in order to offset those arguments and 
- show them that they are unreasonable, and the reasons why they cannot 
fairly be granted, one has to be thoroughly well acquainted with their 
line of work. That knowledge he cannot obtain from passing through a 
shop, from occasionally riding on a locomotive or from reading articles, 
no matter how well written, on the subject. He must know from his 
own observation and personal experience the points which are brought 
up, and be in position to either accept or refute them, as the case may 
call for. I was able to successfully refute the arguments of our boiler- 
makers during the past summer for a larger rate of pay than we gave 
to our machinists and blacksmiths, for the reason that I knew that their 
arguments were not well founded, and I succeeded in showing them so, 
and they dropped the question. 

The matter of economy, as I said before, is taking up the time and 
the thought of our railroad men to a very large extent, and it is not 
one which is by any means Ignored, but there are differences of opinion 
as to how best to produce economies. In my opinion, the economy which 
is produced by thoroughly competent foremen is one which receives too 
little consideration, and the value of such foremen is underrated. I had 
a very excellent example of this a few years ago, in the case of a black- 
smith foreman. 

We had a man in charge of a shop with about twenty fires who, in 
his day, was considered a first-class foreman, thoroughly up-to-date, and 
his Judgment was not questioned on matters in his department. But 
time passed and he stood still, and I, coming in as a new man, could see 
that he was behind the times, and in talking with him and making sug- 
gestions, found that he was so thoroughly imbued with his own perfec- 
tion that he hjfd reached a point where he could not be brought up to 
the times. I made the claim to my superior officers that I could save 
$500 a month by making a change in foremen, and in due time the 
change was made, and after the new foreman (who was a man of large 
experience and strong personality who, while he held every one of his 
men to an honest day's work, still gave them fair consideration), had 
been in charge for about three months, when I made a review of the 
improvements which he had effected, and I could figure out very quickly 
$1,300 a month which he had saved in salaries and wages, with an in- 
crease in the work turned out of the shop, and that of a better quality 
than under the old foreman. 
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Another economy which I think railroads overlook more often than 
private corporations, is that of providing sutBcient supervision of work. 
The majority of railroad men who are advanced to positions of responsi- 
bility have not sufficient time to sit down occasionally and take a delib- 
erate survey of the general situation in their departments, and the result 
is, that while they are driving away at matters which are urgent and 
to which they are absolutely compelled to give first attention, they do 
overlook economies which might be effected if they had sufficient expert 
help to relieve them of some of the details which they now have to 
handle in person. 

Still another line of economies which, in the mechanical department, 
I find is very frequently underrated, is the use of up-to-date tools in the 
shops. I wrote for this club an article about two years ago on that subject, 
and the arguments which I presented at that time in favor of up-to-date 
tools have, since that time, been more and more impressed upon my 
mind, and I feel that if that article were now to be rewritten, I could say 
with more force and elaboration the things that I then said, and add 
to them sufficiently to make them more convincing. 

That economy which calls for an expenditure of money is the hardest 
kind of economy to put into effect on most railroads, but my experience 
has been that if the case is properly presented to the higher officials, 
who are responsible for the operation of the road, and suitable argu- 
ments can be brought to bear to show that his knowledge of the subject 
is correct, and that the saving to be effected by the expenditure will 
result in greater economy, that in most cases he will be successful in 
obtaining the expenditure desired. 

Mb. G. T. Neubebt (K. C. Belt Ry.): Mr. President, I believe the 
object of the writer is to outline an extreme in order that it might be 
discussed, and by so doing arrive at the truth. Many times we say things 
to bring out facts and set one to thinking, and this seems to be the case 
in the paper presented. 

The communication from Mr. Scott is a very able article and one 
which does justice to all those who have charge of railroads. While 
they may be working on a salary, it is not altogether a question of 
salary; their reputation and entire future is at stake, regardless of their 
employer, or the railroad company for which they are working. I believe 
we all understand that. 

I notice on page 2 the writer designates the superintendent or next 
official in authority, as chairman of this bureau. After they have made 
the necessary investigations and submitted the results to the head of 
the department under investigation, they, are also expected to present a 
report to the general manager, to whom the official is answerable for 
action taken upon the bureau's recommendation. It seems to me this 
would bring about quite a disturbing element on the lines suggested, 
and in time become obnoxious. We all take pride in trying to excel and 
vie with one another regarding the best methods and the cheapest man- 
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ner of operation. It would be better to furnish the official with sufficient 
force to enable him to keep proper records and secure statistics that will 
enable him to be in a better position to economize. 

Mb. D. Van Alstyne: It seems to me I would cliange Mr. Waggon- 
er's bureau to one of execution. The difficulty does not lie so much in 
the inability to discover possible economies as in the inability to carry 
them out. The efficiency of an engine is measured by dividing the en- 
ergy we get out of it by the amount we put into it. If the efficiency of 
be very high, but probably it is as high as in any large business insti- 
railroad operation is measured by the actual value of the labor and 
material gotten out of it divided by the value put into it, it would not 
tution. Measuring the efficiency of the mechanical department in the 
same way I should say we get about 75 per cent of what we should 
reasonably expect to get. The natural efficiency of the average man is 
not high, and the ordinary railroad organization does not provide means 
to materially increase it, so that the efficiency of the whole is practically 
the natural efficiency of the individual. 

What is needed is closer attention to the individual, not only to 
educate him to increase the quantity and quality of his output, but also, 
and of still greater importance, to provide means of following him up 
to see that he produces to the extent his education enables him to. 

Mb. a. L. Humphbey (Westinghouse Air Brake Co.) : It occurs to 
me that Mr. Wagoner has omitted entirely one very essential point in his 
paper, viz., who is to determine what is meant by the word Economy. 
We have all known what would be considered, as compared to the prac- 
tices of other roads, the height of extravagance. I would like to ask if 
this Board or Bureau would, for instance, decide on the number of ties 
that should be removed from the ti-ack annually? Would they have the say 
as to whether a tie that has run four years for instance, and is becom- 
ing decomposed, should be removed, or would this be left to the judg- 
ment of the road masters or track men? Would it be for them to say that 
ties should remain in the track anotlier year or two, thereby be like the 
General Manager who made a report to his Board of Directors some few 
years ago, wherein he claimed he had brought about a saving to their 
property of a great many dollars by turning the ties and replacing them 
by removing the ties, turning them up side down and replacing them in 
the track so as to get longer service out of them? Is this the 
line of economy that the Bureau would be supposed to handle? 
On the other hand would it be for the members of this Bureau 
to enter the fireboxes of the locomotives, inspect them and instruct the 
foreman Boilermaker not to remove a certain fire box but to permit it 
to run another year? Would it be up to them to order engines out of the 
shops because of the delays to trains, thereby perhaps causing engine 
failures which would in the long run increase the cost of transportation? 
Railroad companies have one commodity to sell— that is, the commodity 
of transportation. The more they can make out of this transportation 
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the more successful they are and the more the officials are thought of is 
railway circles. 

If by putting their road bed up to the highest standard, spending 
money to get modern equipment, thereby reducing the dead haul of their 
cars by increasing the ratio of load to the dead weight of the car, if by 
being wliat appears perhaps extravagance to some, they can reduce the 
cost of transportation by showing decided reductions in the cost of 
hauling a ton of freight one mile or hauling a passenger train per mile, 
is this not economy and would this Board be supposed to supersede the 
board of directors and higher officials in passing on matters of this kind? 
The same argument that Is produced by the writer of this paper would 
apply to our army and navy. I hardly think that he would suggest for 
a moment that it should be necessary to give the soldiers of our army 
government bonds in order to make them interested in our government 
and in order to produce better officers in the army and navy. It is an 
acknowledged fact tliat the most successfully operated institutions in the 
world are those governed entirely by those not personally interested. It 
has been my experience, and I believe is borne out by facts and statistics, 
that railroads are as economically operated as any institution in the 
country and from the experience that I have had with railroad officials 
I believe that the same amount of energy that is exercised by railroad 
officials in this country if put forth in any private enterprise would 
bring results much more remunerative than is tlie general average in 
railroad circles. 

Mb. Peter H. Peck (Chicago & Western Indiana R. R.) : I have always 
thought that a railroad man ought to be economical if lie is not, for the 
first thing he hears when he commences railroading, is economy. Begin- 
ning over thirty years ago, when I first commenced railroading, I have 
heard nothing but economy. When I was firing, they were after the 
firemen for burning too much wood, and when they got the coal burning 
engines, they were still after the firemen for burning too much coal. 
When promoted to an engineer, economy was still after me on account 
of running repairs, using too much oil and things of that kind. It was 
economy, economy all the time. I do not know where there is a superin- 
tendent of motive power who does not get some points in economy every 
month of his life, and especially when the pay rolls come in. In fact 
we know and hear nothing else but economy all the time. The master 
mechanic will pick up a bolt in the yard and carry it to the blacksmith 
shop and have it made into a shorter one in order not to have that 
piece of iron go to the scrap pile. The only difference in railroading 
nowadays is, the master mechanic, or the superintendent of motive power 
has more items of economy to look after than they formerly did; that is, 
they give him more to look after; thereby they do not economize in his 
duties. I remember when I first went railroading the master mechanic 
on that road had ten engines to look after and twelve stalls in the round 
house. That was all the power on that road at the time. They had a 
master car builder and about 300 cars. They also had a man to look after 
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the water tanks, and only had nine on the road. The master mechanic 
of today would not know what to do with himself if he only had ten 
engines and 300 cars to look after. In olden times they had a man at 
the head of every department, but nowadays the master mechanic looks 
after over 7,000 engines and 100,000 cars, and it is economy all the time. 
That is what he hears in the day time and dreams of it at nignr. 

Mr. E. R. Webb (Mich. Central R. R.) : I have read very attentively 
the paper by Mr. Waggoner, and I have also listened very attentively to 
the remarks made by Professor Goss, Mr. Humphrey, Mr. Peck, and 
others, and I will say that I believe, without any exception of any state- 
ment, that Mr. Waggoner is wrong. Mr. Peck puts it very plainly; 
economy is the word from the time when you first enter the service, and 
I will say that, although what you might term a novice in division man- 
agement, that is, in conducting affairs, that economy is everything. With 
all our monthly statements compared with hours of work to the previous 
month's statement, we have a comparative statement for everything. 1 
cannot see where Mr. Waggoner could get such a low estimate of men. 
I will leave it to any fair minded man if his salary is all that he works 
for. Is there no spirit of excellence in men? I believe there is. The 
average man does not get salary enough perhaps, yet it is what he is 
working for, and aside from that, and greater than that, is the spirit to 
excel, his spirit of pride, his spirit of faithfulness to his duties. While 
perhaps there are some of us who do not lie awake nights looking for 
economies — we have got to have a little sleep — yet that spirit predom- 
inates. There is not any man who has his work at heart who can sep- 
arate himself from those duties as he goes home; he thinks of them; he 
is concerned about them. Even when I am not responsible, yet 1 am con- 
cerned, and I do not believe that I am one in a great many thousands 
of railroad men. 

PREsroENT Crawford : Is there any further discussion ? If not, we will 
ask Mr. Waggoner to make his closing remarks. 

Mb. Waggoner: Gentlemen, what I might call the only unfortunate 
part of the paper seems to be my remarks in regard to the interest of 
salaried men in their work. Now, when T had that in mind I was not 
thinking of the superintendent of motive power, or men of that class at 
all, because I was associated with that class of men altogether too long 
to take that view of them, but I was thinking of minor officials, and 
from my experience around through the shops — and I have followed up 
the shop accounts from the material when it came off the car, into the 
storeroom, the labor from the time it entered into the shop until it was 
accounted for in the auditor's office, followed up the whole line of work 
all the way through in the equipment department, and I have seen in- 
stances, among minor officials where they did not care a rap for expenses. 
I have heard a foreman use the expression, "What do I caj*e, it is nothing 
to me." It is the same way with many of the men. I have seen mate- 
rial wasted, right under the foreman's eyes, who did not l)Oth^r ftbOUt 
it, and the waster mechanfc cannot l9^ ey^rywhere, 
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To cite an instance or two: In looking up some expense items at 
an outlying nhop that did considerable light repairs to engines and ears, 
I had occasion to speak to the foreman about the cost of some repairs, 
to which he replietl, **! can't look after expenses; I have all I can do to 
keep the place running. Besides, it is nothing to me what things cost, 
anyhow." Now he was a good man. but he simply didn't think that it was 
necessarily a part of his work. It is not railroads alone, this policy. It 
is everywhere. I had a personal experience of this recently while on an 
engineer corps constructing an electric railway. If the engineer in 
charge had not kept hammering after expenses 1 doubt if any of us 
would have thought much about the cost of things, we were so busy 
pushing the work. 

At one time we found considerable discrepancies in the cost of work 
in the blacksmith shop. The foreman was expected to report all material 
used to the storekeeper, as the iron works were alongside the smith shop, 
but he thought this too much trouble, and to use his own words, "You 
expect every foreman to be a clerk, too, do you? What is the difference 
so long as it was used for the company?" But he had to look for an- 
other job. I was in the tin shop one day, which was in isolated frame 
building back of the roundhouse. A fireman came in with a leaking gal- 
lon can filled with lard oil, and asked the foreman to have it mended. 
He said, "We can't fix that with oil in tl:e can; go empty it." The fireman 
went outside the door and emptied the oil on the ground and brought the 
can in empty to be mended. It was nothing to the foreman or to the 
fireman; it wasn't their oil. 

I saw a multiple drill running very slowly and I asked the man at 
the work why he didn't speed it up. He said it was running fast enough 
for him, and on speaking to the foreman, with whom I was friendly, he 
said I am not looking for troul)le. As I wasn't looking for it either at 
that time, I kept my observations to myself, but piece work soon reme- 
died a great deal of this sort of trouble, if it did bring some of another 
kind. At this same shop they were carrying a quarter of a million dollars 
in shop supplies and materials. Later, when the subject of the amount 
of materials carried was thoroughly investigated and steps taken to re- 
duce stock on hand, the material account was reduced to $75,000, and 
the shops turned out more work than before. 

Now, I will reply to other points as they come to my mind. I now 
take Mr. Peck's statements about economies. We thought we were doing 
just as well as we could in the lubrication of freight cars. We had gone 
all over the subject and hannnered everybody right and left; we made 
a contract with the Galena Oil Company, and what did they doV They 
cut the consumption in two, yes, less than in two, and the cars were 
just as well lubricated as they wore before. Now, why didnt we do it? 
Because we never looked after it in the way they did. We didn't know 
how. I will admit that we didn't know much except "economy." That 
is the general manager's business, to hammer into the heads of every- 
btMly that they must economize, I was In the inotjve power department 
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long enougb to know whiit tbe genonil manager was doing all the time. 
This is not a new subject to me. This idea has been talktvl over with 
railroad officials. Mr. Soule knew what he was talking abcmt in regard 
to the Pennsylvania Lines, and they nlighf have adopted some system on 
the Pennsylvania Line had Mr. Edward B. Wall lived, not possibly like 
this, as this is simply the figment of a man's brain and something to 
get started on. You have got to put down something to talk about, and 1 
remember the laughing remark of one gentleman who said, '*\Vell, we 
will have that bureau organized in heaven, among the angels, to have 
it handled properly; it can never be done on earth." That is the trend 
of \A'. Scott's extreme remarks; he is talking about the millennium com- 
ing, starting T^-ith a bureau fully organized to accomplish everything, 
but that is impossible, and we all know it. Enough has already been 
said here by the railroad officials, a superintendent of motive power aiui 
others that are officials who have not the time to go after the 
economies that they see around them. I made that statement iii the 
paper. The fact of the matter is, that is the position I have taken all 
the time; the fact that railroad officials know these things, but they have 
not the time to go after them. If you have evtM- been in a busy office 
of a big railroad, where all you can possibly do is to get through and 
keep things moving, and tie only time you had to think about economies 
was at night, why, then you would realize that there was a chance for 
economies in railroad operation. 

I have made the statement to a number of higher officials tliat rail- 
roads were the most exp(»nsively operated organizations in the world, 
and that was the general feeling among the higher oftlcials, and that is 
the reason why they hammered us to make more efforts in economy. 
They realized that there was room for improvement. 

Now, as to how this bureau would work, no one can tell exactly 
how it would work or what it could do. It is only the idea that railroad 
officials should have some kind of assistance in hunting up the points 
where economies could be introduced, and 1 think Mr. Soule's idea of 
different bureaus is better tlian nunc. Economies siumld be looked for 
•everywhere. It might be well to look into the legal department, as 
Mr. Scott has suggested. 1 think in a great many cases the h^gal dei)art- 
nient is pretty expensively Mdnilnistered. 1 have no i)ersonal feeling in 
this matter, and it is no pet idea of mine, it is simply tliat in i)ast years 
this has been talke<l about: in fact, there is one large system in the 
United States today that Ims this idea under consideration, not as 1 
have outlined, but an outside Ixidy of some kind, to co-ojierate with tlie 
department heads on the subject of economy in their dei)artments. How 
it will work out. nobody knows. Now, it takes a man who is pretty 
iM»arly an angel thai is able to co-operate and advis<» without interfering. 
I had such a man in mind when 1 wrote this pnpcr, on the Pennsylvania 
l.hies. I knew one wlio was :i splendid man to investigjite anything, a 
man that ev<M'yb(»dy lik<Ml and that could work with anybody an<l every- 
body, but I think he would nmke a very poor general manager. However, 
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1 want to say tbat I l>elieve there are such men; I believe the thing can 
l>e done, but tliat I linow just liow to do it, why, that I do not claim. 
There has been enough said on this floor, I believe, to substantiate tiie 
l)asis on which the paper was written, and that is, that railroad officials 
could be assisted through an outside force, or some element or bureau 
that could assist them in getting after economies. Take it on the Penn- 
sylvania Lines where they have officer's organisations, virtually a bureau 
with sub-committees, investigating all sorts of things in quest of econ- 
omies. How do they accomplish so much? Simply, they co-operate for 
the desired end. I know of the co-operation that was done on the lines 
there during the hard times, when we organized ourselves, it might be 
said, into such a bureau of economy. We had the time and not mucl' 
else to do. T never worked harder in my life than during those times in 
making up tables, going after statistics for general managers and officials, 
and it was found by comparisons that the shops were doing more work 
with fewer men, and shorter hours, than had been the case during pros- 
perous times. I only say that there is something that can be done in 
economies, and tliat was the ground upon which the paper was written, 
and which was only a "suggestion," as noted in the title. 

President Ckawford: If there is nothing further to come before the 
meeting, a motion to adjourn will be in order. 

Adjourned. 



OFFICIAL PROCEEDINGS 



OF THE 



WESTERN RAILWAY CLUB 

Organized April, 1884 Incorporated March, ^89^ 

Library, 1750 Monadnock Bldg. 



Published monthly, except June, July and August, by the Western Railway Club, 667 Rookery Bldg. 

Chicago, Illinois 
Club meets third Tuesday in each month, except June, July and August 



Entered at the Post Office, Chicago. 111., January 2, 1902, as second-class matter 



Vol. 16— No. 6. Chicago, February 1 6, 1 904 



$2.00 Per Year 
2SC a Copy 



The regular monthly meeting of the Western Railway Club was 
held at the Auditorium Hotel on "^luesday, February 16, 1904; Mr. P. H. 
Peck, treasurer, in the chair. Meeting called to order at 2:30 p. m. 

Among those present, the following registered: 



Bement, A. 
Bennett, F. F. 
Bischoff, G. A. 
Brandt, F. W. 
Britenstein, J. F. 
Brooke, G. D. 
Brooks, P. R. 
Brown, J. M. 
Brown, R. L. 
Bryant, Geo. H. 
Bryant, W. E. 
Gushing, Geo. W. 
Ooates, H. H. 
Cooke, W. J. 
Cross, C. W. 
Crossman, W. D. 
Fry, Jr., C. H. 
Furry, Frank W. 



Harris, E. K. 
Hechler, W. D. 
Hodson, Wm. 
Hoover, E. E. 
Jackson, Thomas 
Johnstone, H. C. 
Keeler, San ford 
Kennedy, Chas. 
Linn, H. R. 
Long, J. H. 
McCarthy, J. J. 
Midgley, S. W. 
Mills, Geo. F. 
Nicholl, G. P. 
Noble, L. C. 
Otley, Benj. 
Owen, Elmo 
Parker, W. R. 



Peck, P. H. 
Pettis, C. H. 
Raidler, W. P. 
Robinson, Jay G. 
Sanborn, J. G. 
Scott, G. W. 
Setchel, J. H. 
Shantz, O. S. 
Sherman, L. B. 
Smith, F. E. 
Smith, R. D. 
Talmage, J. G. 
Thurnauer, Gustav 
Tratman, E. K R. 
Vissering, Harry 
Waggoner, W. B. 
Willsie, A. N. 
Wilson, G. L. 



The Chairman: First in order will be approval of minutes as already 
printed, and they will stand approved if there are no objections. There 
feeing none, it is so ordered. 
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The Secretary presented membership statement as follows: 

Membership, January, 1904 1,08S 

Dropped, account mail returned 1 

Withdrawals 11 

1,071 
New members 7 

Total 1,078 

NAME. OCCUPATION AND ADDBESS. PROPOSED BY. 

John D. Ristine, Lowe Brothers Ck)., Dayton, Ohio J. W. Taylor, 

Robt. D. Steams, Northwestern Jillev. R. R. Ck)., Chicago. .J. S. Thompson, 
G. R. iirandon. General Engineer, Whiting Fdy. Equip. Co., 

Harvey, Illinois J. W. Taylor. 

Joseph E. Gould, M. M., C. H. & D. Ry. Co., Lima Ohio C. H. Cory, 

Wm. Hodson, Crosby Steam Gage & Valve Co., Chicago. .Chas. G. Ludlow. 
Mark A. Koss, Mgr., Pyle Natl. Klec. Headlight Co., Chicago. .F. W. Furry, 
J. L. Replogle, Supt. Forge & Axle Dept., Cambria Steel Co,, 

Johnstown, Fa W. S. Templeton. 

The ISecretaby: Mr. Chairman, at the meeting of the Board of 
Directors this morning, the following committee was named on Revision 
of Rules of Interchange, to make report at our April meeting: C. A. 
Schroyer, Jos. Buker, H. B. La Rue, C. M. Mileham and Chas. G. Deen. 

These gentlemen should have their report on the revision of rules 
ready for our April meeting, so that it can be discussed and modified 
as the Club wishes and forwarded to the Arbitration Committee. The 
Arbitration Committee probably will meet early in May. 

The Chahiman: The first paper this afternoon will be "Square 
Roundhouses," by Mr. George P. Nichols, which will be illustrated. 

Mb. George P. Nichols : Mr. Chairman and Members » o^ ^ the 
Western Railway Club, Gentlemen:— I wish to apologize to the Club 
for the incomplete form in which I am offering this paper, and in ex- 
planation will say that I have been absent from the city for over a 
month, returning just in time to appear before you, and as I promised 
Mr. Taylor that I would hiave this paper ready for this meeting, I have 
decided it is best to present it as it stands rather than to disappoint 
him. The particular omission is the estimate of the cost which I In- 
tended to include, but which the shortness of time has made impossible 
to prepare, but I will submit this later for publication if desired. 

In presenting this paper I wish it understood that I do not claim 
to have more than a general i^nowledge of engine house construction 
and operation; but recently while in conversation with Mr. H. B. Vaute- 
let, former assistant chief engineer of the Canadian Pacific Ry., he- spoke 
of the use of the square form of engine houses in France and England, 
which so interested me that I afterward made some studies of the de- 
sign, and at the suggestion of several of our members, I decided to pnt 
it in the form of a paper to present to you, leaving it for you to decide 
as to its merit. The paper is as follows: 
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SQUARE ROUNDHOUSES. 

By Mr. Geo. P. Nichols. 

I have Intentionally selected the subject as the Square Roundhouse, 
for the reason, that so far as I know, every engine house in this country, 
with one exception, is built on a circle, evidently for the reason that the 
design started with the turntable as the center, or basis, and practice 
has followed this fixed design. Just why it should have retained this 
old form while nearly every other form of building has been modified 
to meet changed conditions it is not quite easy to understand; but prob- 
ably because the turntable has been considered to be the only feasible 
method of directing the engine to its stall with the greatest economy 
of labor. The transfer table has been in use for years, but has not 
been considered a feasible means of distributing engines to their desired 
places. 

My object is to show up the disadvantages of the roundhouse form, 
and as against them to demonstrate the superiority of the square house, 
I shall take up the various points detail by detail so as to more thor^ 
oughly cover the whole; and for comparison I shall treat with a fifty 
stall house, taking the design of a roundhouse just approaching comple- 
tion and designed by the best talent, having the advantages of experi- 
ence up to date, as the basis. 

Plate 1 illustrates the ground plan of a roundhouse which covers 
the complete circle. In the center is the 75-foot turntable; then a space 
of 90 feet between the turntable and the inside wall of the house, all 
exposed to the weather. Each stall is provided with a double door, wood 
frame construction, making 100 single doors, which the conditions of 
engine house service requires, several being left open at all times— and 
then the questiom is, why is it so difficult and so expensive to heat the 
house properly. A snow storm occurs; and the doors swinging out, it 
is imperative that the snow be cleaned away and carried outside of the 
house. Involving no small delay and expense, particularly in cleaning 
the turntable pit. Then did any one of you ever see a house of any 
size but what several of the doors were badly broken, requiring constant 
repairs'? And how many more are badly fitted and stick when being 
opened. 

Entering the stalls--they are narrow at the entrance and wide at 
the extreme end, the average desired width being at the center— an 
extravagant use of valuable space. 

The details of the pit itself need not be considered, as that feature 
alone remains unaffected and in either case can be built in accordance 
with modern practice, including as many drop pits as are desired. 

You have filled your fifty-stall roundhouse and the demand comes 
for additional motive power; one, two, three, six or more additional 
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engines; now, wliat are you going to do about itV You will have to build 
a distinct house to accommodate these enj^iiies, put in another turntable 
and start all over again, often-tinies with the great disadvantage of not 
having any available space to locate it, and a small capacity roundhouse 
is but a poor affair and extravagant by requiring additional labor. 

Plate 2 shows the plan view of a fifty stall engine house built on 
the square principle. This consists of four walls and the entire space 
covered by a roof of economical design. Through the center, longitudi- 
nally, from end to end, runs a 70-foot transfer table with twenty-five 




I'LATE 1. 

stalls on each side, rectangular in shape and economical in the use of 
floor space. The end of the stall begins with the end of the table with 
no waste space; the pits are the same as in the roundhouse with no 
departure from regular roundhouse practices. The entrance is at one 
«ide of the building through one door which can be of the steel roller 
type, which is not usual with the roundhouse on account of its great 
expense, or wood door swinging in or sliding, as may be desired, which 
is not affected by the snow. The building being completely roofed over, 
work is not delayed by snow or rain. It is unnecessaly for me to 
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state what a difference there will be in the heating problem with one 
door, as against fifty. An engine enters the house, either under its own 
steam, or, if dead, it is hauled on to the transfer table by the winding 
drum cable, then it is moved longitudinally and placed in the desired 
stall in the same manner—either by its own steam or the winding drum. 
As the table will have to travel only half the length of the house to 
reach the extreme end stalls, the speed of the table can be made nearly 
equal to the speed of the rotation of a roundhouse turntable, so prac- 
tically no time is lost in this method. 

Mow, please, compare the ground space required by the square house 
as against that of the round house. The latter requires about 50 per 
cent more than the square form. 

One, two, four, six,— any number of additional engines are delivered 
to you to be served by this house. You simply take down the section 
of the wall at either end of the transfer table pit and rebuild the entire 
end wall at the desired distance, extend your transfer table pit, and you 
are ready for service. 

For quick repairs such as your recent shortage of motive power 
has imposed upon you, there is nothing more economical than an electric 
traveling crane, and one or two stalls, to be selected by you, can be 
covered by a crane of moderate capacity supplementary to your drop- 
pit, the fornj of building construction reducing the cost to a minimum. 

The conditions of light remain about the same, as the windows in 
the side walls and the lanterns in the roof should admit ample light. 
The smoke stacks will remain the same. 

.You will naturally say this design leaves you without means of 
turning an engine, which is true, and a turntable must necessarily be 
provided at some convenient point outside of the house unless the con- 
ditions will admit of the use of a "Y" or some other means best known 
to you. While I have never attempted such a device, it has occurred 
to me that it be feasible to design the transfer table so that the frame 
will rotate on a traveling base, thus making it a combined transfer table 
and turntable, the only apparent objection being the increased depth of 
the pit necessary for such a device, and I shall, in the near future, design 
such a combination. You will also criticise the provision of a single en- 
trance, and that placed in the center of the building, but the design 
Is perfectly flexible in this direction and one or more entrances can be 
provided wherever desired or the conditions require. 

Regarding the reliability of the electric transfer table as compared 
with the turntable, will say, with the experience o^ building a large 
number of transfer tables used in all parts of the country and under 
every conceivable condition, that I have found it to be equally as re- 
liable as the turntable. As a matter of precaution a hand attachment 
can be provided, which, however, I do not consider necessary. Should 
an extra precaution be deemed desirable, a second table can be pro- 
vided to run in the same pit, which, of course, would increase the cost. 
Incidentally, I will state, that the speed of a transfer table when loaded 
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with a standard engine ready for the run can be between 125 feet and 
250 feet per minute, and with the hich speed gear thrown in for moving 
the table when empty, the speed can be at least doubled; and I can men- 
tion a case where one of the largest tables built runs at a speed of 
800 feet a minute when empty or with a light load. 

The nearest approach to this square form of engine house which I 
can mention is the arrangement recently adopted by the Terminal R. R. 
Assn. of St. Louis for handling all their engines near the entrance of 
their station. In this case, three square engine houses with tracks run- 
ning lengthwise through the three are provided, with a transfer table 
pit between each of the two houses, in which are two 75-foot, 150-ton 
electric transfer tables, and as this is probably one of the busiest engine 
houses in the country, you will appreciate the confidence placed in the 
electric transfer table for reliable service. 

For illustration I will show photographs of such a transfer table &» 
will be required for this service, and also photographs of a roundhouse 
with a 75-foot turntable operated by an electric motor. 

The Chairman: Gentlemen, the paper is now open for discussion. 
We would like to hear from you in regard to square roundhouses. 

Mb. C. a. Seley (C. K. I. & P. Ry.) : There is only one thing that 
occurs to me. I notice the author stated that he had been unable to 
present figures at this time. I hope that Mr. Taylor will induce him 
to prepare these figures and incorporate them with the printed report 
of the paper. I think they will be of extreme interest. 

Mr. ^'ICHOLs: I will say that I have made a rough estimate of the 
cost of the house complete, with the transfer table, but without drop 
pits, crane or heating apparatus, at about |1,700 per stall. I am not 
sure that this is correct, but it is reasonably close. 

THE Chairman: Mr. Forsyth, you have had experience with round- 
houses, both in this country and other countries. Will you give us some 
of your ideas on the subject? 

Mr. William J^'orsyth (Railway Age) : Mr. Chairman, this plan of 
Mr. Nichols is so novel, in this country at least, and he has worked 
it out in such good shape, that I hope some railroad will take it up, 
so that American roads will get some experience with rectangular round- 
houses. It is the prevailing plan abroad; most engine houses in Europe 
are rectangular in form and use transfer tables. I am sorry that Mr. 
Nichols did not show some plan of turning locomotives by means of a 
"Y", which I think he suggested in connection with the rectangular 
house, because it would affect, to a large extent, the general plan of 
the shops where they are combined with the roundhouse. I thought at 
first there would be quite an advantage in this one feature, at least, 
of the rectangular house; that is, the value it would have in fitting in 
symmetrically with rectangular buildings in the shop scheme, but if the 
method of turning the engine requires circular or Y-shaped tracks, it 
would, to some extent, interfere with the compact assembling of such 
a house with the shops. 
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In designing tlie cross section of tlie shop with the crane, it would 
appear to me that the height was not sufficient to lift the locomotive 
off its wheels. I do not know whether Mr. Nichols considered that for 
an engine with large wheels or not, but if a railroad went to the ex- 
pense of having a traveling crane in an engine house, it might as well 
make it of sufficient capacity for that work. 

I recently visited a shop where they found it a convenient thing to 
«end engines to the erecting shop from the roundhouses, and have them 
lifted off their wheels there by the overhead crane, and attend to work 
of that kind there rather than to attempt to drop the wheels in the 
roundhouse, so that I think that that part of the plan is very good in 
having a traveling crane which could be worked in so easily in a rect- 
angular engine house. *'or my part, I rather look favorably upon this 
plan. As I say, I hope some railroads will take it up. 

The Chaibman: One thing strikes me very favorably after this 
severe winter, and that is, that it is all covered so that there will be 
no snow to contend with. There is a great expense in some of our 
roundhouses in getting rid of the snow, loading it on the cars, etc. 

Mb. Willard A. Smith: How would it affect it in the summer with 
smoke and gas? 

The Chaibman: I should think you could regulate that by ventila- 
tion. 

Mb. E. E. K. Tbatman (Engineering News): It seems to me that 
this Idea of Mr. Nichols is a very good one. It puts Into the round- 
house, or into the engine house, a system very similar to that which 
we have been using for a great many years in erecting shops, but in- 
stead of having an overhead crane, it has a transfer table for serving 
the pits. Transfer tables have been used for years in handling engines 
and large cars in shops, and we know pretty well what they will do. 
They are reliable and efficient in that work and should be equally so in 
the engine house. As to the arrangement of the other parts of the yard 
to connect with the engine house, I should judge that in planning almost 
any extensive series of shops or large yards it would be very much 
easier to work in a rectangular engine house than a circular one. A 
50-stall roundhouse with 80-foot stalls, 80-foot space between the house 
and turntable, and a 70-foot turntable, 309 feet diameter in all, will 
cover 120,000 square feet. A 50-stall rectangular house, with two rows 
of 80-foot stalls and a 70-foot transfer table, making a house 375x230 
feet, will cover 86,250 square feet. But in addition to occupying less 
space the rectangular— or square -house will fit in better into the gen- 
oral plan of the yard. 

In Europe the usual plan is to use these square houses, with tracks 
running through the long way; they get sometimes five engines in a row. 
It looks as though that might make it awkward to get at the middle 
cars, but they claim that by care in placing them, they get them so 
arranged that there is very little extra handling of the engines. 
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The Lehig:h Valli\v Ry., some years ago, had several square round- 
houses with the tracks through them the short way, approached by a 
ladder track leading up to the house, and then a series of six or eight 
tracks running straight into the house. I think their largest one had 
nine tracks, each track holding two engines, at the head of the engine 
horse. The great advantage, it seems to me, of Mr. Nichols* plan is 
that he simply adopts the pit system of handling his engines all inside 
of the house. It must be a great economy in space, and the approaclies 
would be very simple. 

One thing I would like to see would be a fireproof construction. The 
drawing shows a timber trussed roof and a timber truss for the crane, 
but in cas^ of a fire, in a house like that, all the engines, or at least 
a good many of them, might be destroyed before they could be got out. 
I think in these days, when we are putting so much fire-proof construc- 
tion into shops, that a fire-proof roundhouse ought to be considered. I 
noticed at the new Moline shops of the Rock Island Ry., where they 
have steel and brick buildings for all the shops, the roundhouse is of 
frame construction; that is, it has one or two rows of wooden posts 
and a wooden roof construction. It seems to me it would be very much 
better to use fire-proof construction in an engine house. 

Mb. Nichols: I touched on that point in the paper as it appealed 
to me in working out the design, and I intend very soon to design a 
combination of a transfer table and a turntable, by providing a traveling 
frame of proper proportions for carrying the center and circular track 
for the turntable, which, probably, will be of a standard form. I think 
this will work out very nicely so far as the combination is concerned, 
the only apparent objection being the depth of the pit required, which, 
of course, must be suflBcient for the frame and the added depth of the 
turntable girders. Possibly, this objection may be off-set by the advan- 
tage of having a turntable in the house without requiring greater space 
than the transfer table would occupy. 

Mr. George Welsby Scott: The paper which we have heard read 
has been so well presented, and so well illustrated, as to cause me to 
think that Mr. Nichols has left us very little to talk about, except to 
approve and commend. There is one point, however, that has been 
touched upon in this discussion, and that is the facilities to be em- 
ployed with respect to turning engines. Mr. Nichols is seemingly in- 
clined to consider a combination turntable and transfer table; and if 
I understand him correctly he would have the upper part of the com- 
bination to contain the turntable, which table would also act as the 
bridge over which engines would be passed from the one side of the 
transfer pit to the other, and the lower part of the combination would 
be that to which the propelling mechanism would be applied. 

Combination machines, at best, are unsatisfactory devices, clumsy 
and cumbersome, «ind sadly inefficient generally. Mr. Nichols, how- 
ever, may have some specially good arrangement in mind; but I am 
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inclined to think that when he takes up the work of designing this com- 
bination transfer and turntable he will find a real difficulty. The proper 
design of a 70-foot transfer table competent to handle heavy locomotives 
is no small problem in itself, and the difficulty will be found when an at- 
tempt is made to impose upon this another structure of the character of 
a turntable. 

A transfer pit if only 24 inches deep offers objections enough seeing 
that from the very nature of the case men have got to pass from one 
side to the other; and how would it be in the case of this combination 
machine with its super-imposed turntable, the whole, probably, entailing 
a depth of 6 feet or more? It would seem to me that the best course to 
pursue, if a turntable is desired in this suggested order of things, woum 
be to have the turntable apart from the transfer table, even if this re- 
sulted in the necessity of having a separate and special space reserved 
for it in the square roundhouse. 

In a flnal analysis of this point it may be found that the best course 
to pursue would be the adoption of the "Y" as a means for turning 
engines. A "Y" for this purpose need not be at all expensive, nor need 
it occupy much space. Furthermore, in its position near the roundhouse 
or engine house the space within the *'Y" could be advantageously used 
with respect to storage of coal, or for any other desirable purpose. 

Mr. Seley: I agree with the last speaker about the combination of 
the two features. I do not think it feasible on, account of the concen- 
trated weight on the center carriage, the track and its foundation. 

Mr. p. H. Brooks (C, B. & Q. Ry.) : I am right in the midst of com- 
bating the cold weather siege at an important roundhouse and this plan 
has a great many advantages, as well as disadvantages. In the winter 
of course, it is a great advantage, as the chairman has said, to have the 
transfer table under roof, because the difficulty with snow and ice is 
something surprising, but in the summer the heat, gas and smoke is 
equally troublesome. The cost incident to having the additional space 
under roof, wliich is only used in the traveling of the table and which 
is unavailable for any storage of material and used by the workmen 
crossing the house from side to side, must be considered. In stepping 
across the house from side to side, this design of a house would be a 
much less man-killing job to oversee and oversee properly, because the 
space to be traveled t)y the foreman and men will be reduced one-half, 
and although it will be necessary to cross it back and forth, that will 
be quicker than racing around the house. Also, the proposition of light 
is mncix more easily solved. 

The mechanical proposition of putting the turntable upon the trans- 
fer table is one that I am afraid could not be solved very handily. Take 
the engines under the various conditions, when they will not balance, 
and it might be quite a problem to get them turned without tipping 
over the table. 

The crane and drop pit, in my estimation, depend largely on how 
much in the line of machine tools we have available for service at the 
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roundhouse, because there is small use for a large and expensive drop 
pit if we are so arranged that all we can do is to take the wheels out, 
load them up and send them to the nearest shop. We would have a 
semi- barren space unless we have machine tools at hand that require 
the overhead crane. It is a very handy thing for many jobs on modern 
massive engines, but it would not seem to be justified unless we had 
sufficient equipment at hand which the crane would also serve. Really 
the machine shop should also be served by the overhead crane directly 
in connection with the drop pits in order to make that a paying feature 
of the plan. However, local conditions might make either a very accept- 
able feature, singly, in many roundhouses. 

The general design seems to have very much more in it to commend 
than to condemn, and the fireproof construction is also a very good point 
to be made. 

The Chairman: Has anyone else any discussion on this subject? 
If there is nothing more to say, Mr. Nichols, will you kindly close the 
discussion of your paper? 

Mb. Nichols: I will state that I had in mind the use of fireproof 
construction, and it is my idea to get estimates on the cost. 

Answering the question about the amount of dead space necessi- 
tated by the transfer table, I find that the total area required by the 
square form on the basis of a 50-stall square house, as compared with 
a 50-stall roundhouse, is only about two-thirds. In other words, the 
round form takes exactly 50 per cent more space than the circular, so 
that as far as ground space Is concerned, it is very economical. 

The Chaibman: Next in order is the paper entitled "The Infiuence 
of Brain Power on Dividends," by Mr. A. Bement. 

Mr, Bembnt: It has been suggested as desirable that I present a 
few examples illustrating the application of the scheme suggested. 
Being an engineer, I will mention a few engineering problems. 

The British admiralty has expended millions of pounds for Belle- 
ville boilers, and after some years the fact that they were an unsuitable 
device forced itself to the attention of the public. If studies of this 
boiler had been made, it would have appeared that it must be a failure 
for two reasons: one that it is made up of an immense number of 
screwed joints, which could not remain tight. The other that the water 
supply capacity of the tube element is not sufficient; each of these ele- 
ments composed of from 7 to 10 sections of 6 feet in length and 4 inches 
in diameter, receives its water supply through an opening not to exceed 
3 inches diameter. Thus the equivalent of a tube 42 to 60 feet in length 
is employed, with the result that the water is evaporated by the time 
it has traveled about 30 feet, resulting in the fifth section above the fire 
falling, due to overheating. These two faults, one a simple problem in 
mechanics and the other in physics, could have been easily discovered 
if the matter had been given study, and thus could a great mistake have 
been avoided. 
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A railroad problem^ Is tliat of shaking grates. Every locomotive is 
equipped with such device, but these grates are seldom shaken, and I 
do not believe anybody takes the trouble to thoroughly study the problem^ 
to find out whether it is well to shake them, what the effect would be, 
or what it will cost to do it, or why it should be done. 

In my own work, a bad example of discharge of water, together 
with steam from water tube boilers, presented a case of serious trouble, 
requiring the expenditure of thousands of dollars for only a partial 
remedy, according to the best standard methods of treatment. A small 
amount of careful, yet simple study of the matter, resulted In the devis- 
ing of a thoroughly effective remedy at an expense of hundreds of 
dollars. The paper is as follows: 
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THE INFLUENCE OF BRAIN POWER ON DIVIDENDS. 
By A. Bement. 

Some years ago Captaiu Maban, U. S. N., wrote a book on The 
Influence of Sea-Power on History, in which he showed that the nation 
having the largest navy would exercise greatest influence on political 
history. At a recent meeting of the British Association for the Advance- 
ment of Science, Sir Norman Lockyer, following the idea of Captain 
Mahan, entitled his presidential address, The Influence of Braln-Power 
on History, the argument being that the nation best educated in science 
and business would lead in industrial achievement. He showed how in 
Germany governmental influence and assistance resulted in the produc- 
tion of a large class of well and soundly educated students equipped to 
deal with industrial problems. For this reason, and not owing to natural 
advantages, is Germany rapidly gaining in industrial importance, com- 
pared with Great Britain. 

The above suggested the title for this paper, and it is the author's 
desire to emphasize the fact that it is necessary for the corporation, like 
the nation or individual, to be a student. 

The secret of the success of a corporation lies in its ability to do 
better than its present or future competitors. The world does not owe 
it a living, or if it does, fails to realize the responsibility. So in corpor- 
ate existence as in any other, it is a matter of the survival of the fittest 
This requires, not that it shall do as well as its competitors, but better. 
The corporation, like the nation, or the individual, should be a student 
if it is to discover better methods, more efficient apparatus, etc., or, in 
other words, not only to take advantage of present opportunities, but to 
discover now ones. The corporation must, of course, work through, and 
by its individual members and employes, and as a general rule, under 
present conditions, each is controlled by an established routine which he 
cannot escape, and usually occupies not only all of the time for which he 
is paid, but possibly some more for which he is not paid; for this reason, 
officials have little or no time for concentrated thought or original in- 
quiry, even if so disposed. This condition makes an opportunity for a 
new and special kind of worker, which the author would designate as 
a professional student, who, in the service of corporations would devote 
his efforts to the study in his own field, of existing methods for the pur- 
pose of their improvement, and to the discovery of new opportunities. 
Such man. or men, should not be burdened with any routine duties at all, 
but be free to carry on the work without interruption or hindrance, and 
Instead of working under the direction of some particular official, It 
should be rather with the co-operation and assistance of all. 

Such man should be one of good Judgment and possess or acquire 
an analytical mental habit. It is not necessary that he have. acquired a 
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large stock of standard statistical information or misinformation, neither 
that he be able to present a solution of a problem before he understands 
it, but that he investigate, study and discover the solution of recognized 
problems, as well as the pure invention of new schemes and methods. 
It does not follow that he would find literature or precedent for his com- 
plete guidance, but would make use of such as far as serviceable; beyond 
this, he must carry the inquiry by original investigatipn. The field for 
such work Is unlimited, and its possibilities but little realized, as the 
author from his experience can testify. 

There are difficulties in the way of the realization of this scheme; 
one is, that it is the general disposition to consider the period of student- 
ship as something to be as quickly outgrown as possible, which leads to 
the assumption that a sufficient working knowledge has been acquired, 
with the result that obsolete methods and reasoning largely prevail. 
This fact must be realized before such work can become possible. 

A gentleman said recently to the author, that he was impressed 
with the frequent assertion "that there were so few opportunities Id 
these days." The opportunities exist, however, and only require means 
for their discovery. 
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The Chairman: Gentlemen, the paper is open for discussion. 

Mb. Seley: Tliis would be a very enticing Job if we could induce 
the railroads, for instance, to employ men on the basis named here; Just 
to study things and not report to anybody until they had the report 
ready. 

So far as the mechanical engineer of a railroad is concerned, I have 
had the experience to say that he is called on for information on every 
conceivable subject under the sun. As to the value of his information 
and reports, it is sometimes doubtful, because he does not always have 
the opportunity to study the matter as it should properly be studied. A 
great deal of his work has to go through his hands rapidly, and unless 
he has a large fund of information of his own, or of other people's 
available, it is sometimes difficult to see the value of some of his reports. 
There is no doubt of the necessity for an opportunity to properly inves- 
tigate; the difficulty is in persuading the corporations, railroads and 
others, to recognize the fact and to give such officials the opportunities 
for such study. 

Mr. W. B. Waggoner: I was quite impressed with the ideas behind 
the paper, especially because they back up a little bit some of the ideas 
that I presented at a previous meeting. In my experience with the 
Pennsylvania Kailroad Lines, I found that they did a great deal of such 
work as indicated by Mr. Bement. I know of one instance where the 
terminals were far from being satisfactory, and a special committee 
was appointed, consisting of the chief train dispatcher or train master, 
one of the general yardmasters and a maintenance of way engineer. 
While they were all in active service, they were relieved temporarily 
from all duties, made a committee to thoroughly investigate the subject 
of re-arranging terminals, and stayed at the work until they got it done. 
As an instance of their work, I know at the Columbus, Ohio, yards, 
where it used to take four hours to get a train through the yards, after 
the re-arrangement of the yards in accordance with the suggestions of 
the committee, it took minutes. And the same improvement was seen 
everywhere. The Chicago yards were also reconstructed in accordance 
with the suggestions of this same committee. I know that once in our 
own department two of the fast trains were losing time right along 
between Pittsburg and Chicago, and the general manager called on the 
general superintendent for reasons. The reports that came into the 
motive power office generally were "Engines not steaming." Well, we 
knew that was not true, because the best power in the line was on 
those trains. The general superintendent said, however, "It is up to 
your department to tind out where the trouble is." We detailed one of 
the young men, one of the technical fellows, we call them, to go out 
and run the matter down, to stay on the job for six months if neces- 
sary to find out what the matter was with those trains. His report was 
very interesting. The result was that there was a general first class 
shaking up of the crews on those trains. We found that they were 
often delayed four and five minutes where there should have been no 
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delay at all. The crews would not work together. I remember one 
Instance where they had a delay of six minutes for loading theatrical 
baggage because the crew would not assist the baggage master. I only 
speak of that as the result of a special investigation of those trains that 
afterwards got in on time. 

I think that you will tind on the Pennsylvania Lines that they do 
that special work to a degree that outsiders are not aware of, and that 
if you could get Pennsylvania railroad men to talk, you would find some 
very interesting experiences, but as a rule, you hardly ever hear them 
making any speeches before any clubs, or writing many papers, because 
it is an unwritten rule with the company to "keep your eyes and ears 
open and your mouth shut." 

I know where a special engineer was engaged in the matter of 
investigating roundhouses, taking up the question of circular and square 
roundhouses and arrangement of tracks in the roundhouse, arrangement 
of machinery and all the details connected with the economical man- 
• agement of roundhouses; an outside man was employed for that special 
purpose, given all the time that he wanted, paid specially for that inves- 
tigation. There is no question that any railroad can make an enormous 
Improvement in their operations if special study were given to designs 
and essential points that operating officers have not time to look after. 

Mr. Bbooes: J<'or the Pennsylvania railroad I think that this would 
be all very nice, but the chief difficulty which the rest of us always 
have is to get any money appropriation through for purposes of investi- 
gation. That pretty efPectually covers the subject for about every one 
else outside the Pennsylvania road. 

Mb. Geobge Welsby Scott: Mr. Bement's article is a plea for special- 
ism and for research work, and in its final analysis it means doing some 
things better tomorrow than we have done similar things in the past. 
It means inquiring into present methods and processes* and ''developinlf 
or suggesting improved or more economical ways and means for the 
future. 

JNow, there should be no need for a special plea made in this direc- 
tion, for I venture to say there is not one in this room who, if actively 
engaged in work, is not continually concerned with questions of im- 
proved facilities with respect to his immediate activities. But whether 
he succeeds in securing or obtaining the desired facilities is another 
matter. The individual and his thought constitute by no means the 
entire consideration, much depending upon the conditions around and 
about him, and very much, indeed, upon those who are above him with 
respect to position and authority. 

True, the particular individual concerned may, or may not, be the 
most competent one to be intrusted witTi the work of improvement, even 
with respect to its general considerations. But let him be ever so com- 
petent, or let his thought be the most brilliant possible, yet before he 
can enter upon action there is this one to give countenance, and that 
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one to give approval, and, not infrequently, some other one to be en- 
countered wtiose only notice of the matter may be to disapprove or hold 
the subject In abeyance. 

It requires largeness of capacity, great breadth of view, and a gen- 
erous character to pass upon many of the suggestions made in the active 
walks of life, and it by no means follows that because this or that 
official has been successful in this or that department that he is the best 
qualified to pass upon matters involving considerations of a practical 
or technical character with respect to some other department. Many 
times, too, the mere thought of having to spend money is sufficient to 
disconcert the one to authorize action, and this result, when so common 
as to become noticeable, serves to discourage— if not to actually forbid — 
the suggestion of improvements and betterments. 

It would seem that even in this respect large corpoiations are not 
altogether dissimilar to the individual or individuals which dominate it; 
and that where one Carnegie is encountered with his largeness of vision 
and his ability to adapt means to an end— a money-making end, hence, 
ability to pay dividends— many others may be noted who pursue a course 
as if fearful of all kinds of trouble attending the spending of money 
on one's properties. A reasonably large experience in the improvement 
of industrial properties, large and small, has long ago demt)nstrated to 
me that no legitimate investment can compare with the earning power 
of money wisely expended in the improvement of properties, whether 
such properties belong to individuals, co-partnerships or to corporations 
so extensively concerned as many of the railroads of today. 

Mr. Waggoner refers to the work done by and in connection with 
the Pennsylvania Railroad Company, and well he may, because of the 
bold, fearless manner in which so many of its gigantic works of im- 
provement are conducted, and I venture to say that those directly con- 
cerned could tell us that for every dollar invested in the work of well 
conceived and well executed improvements, some decided monetary 
value has been, and is being, realized. The return may be in the form 
of reduction in operating expenses, or in the ability to operate to a 
larger extent. But be this as it may, the earning power of the invest- 
ment is distinctly in evidence. 

To sum up, the occasion for improvement in industrial and opera- 
tive conditions, generally, is unlimited; and there are those whose knowl- 
edge, experience and ability renders them fully competent to take up 
the work of improvement without regard to magnitude. But occasion 
and ability is not sufficient, for the opportunity must be accorded the 
competent ones to take action, and such opportunity to take action is 
clearly within the province of those in authority. 

The Chairman: One thing that strikes me about this paper is that 
it is somewhat like a sidetrack with one end to it. You put a man on 
there, and he has no way to get out at the other end. There is no 
young man in this country that starts railroading but has an ambition 
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to get ta the top of the ladder, if he can, and where Mr. Waggoner refers 
to the case where they found the brakeman would not help load baggage, 
they would not need a man like him. It shows that the operating man 
ought to have more assistants. He ought to have a first assistant, or a 
second assistant, and each man should be in line for promotion. In a 
place like that, if a man is in there he will not stay long unless you add 
to his salary continually, and as he is learning something every day you 
cannot keep him there unless he knows that he will be promoted. There 
ought to be a regular system of promotion, so that the men may have 
something to look forward to. If a good clerk is put into the office, he 
will go into some other business unless there is a prospect of a raise in 
his salary or promotion ahead of him. 

Mb. Willabd a. Smith: I think that the subject under discussion 
covers to some extent the employment of consulting engineers by rail- 
road systems for special work. While the employment of a special 
officer or employe of the company to study special subjects undoubtedly 
would bring very great results, I think that that is rather a more remote 
thing to look to than the immediate employment of men who are avail- 
able as consulting engineers. 

There are certainly great advantages in bringing a man who is 
expert and who understands the subject which he has to deal with, 
from the outside, to examine property, shops and plans. In the first 
plaice, if the directory of the road has sufficient confidence in such a 
man to employ him, they respect his report and are liable to act upon 
it. The reports of a member of the stafC are not always adopted; they 
are looked upon as a matter of course and are filed away for reference. 
If a man is specially employed and paid a large fee for the purpose,. it 
is looked upon as waste if the report is not acted upon. Superintendents 
of Motive Power and other mechanical officials, who have been long 
connected with the systems on which they are working, have considered 
them only from the inside. They are not in all cases capable of passing 
an expert judgment upon what they have and what they are doing, and 
what would be the best changes to make. A man from the outside who 
is thoroughly capable and who is familiar with what is being done all 
over the country in the most advanced practice can frequently make 
suggestions which are invaluable, and they have the advantage of carry- 
ing greater weight, possibly, with the management. 

A few years ago there was no one in this country that I know of 
who was known as a general railway expert. I remember very well 
making the suggestion some five years ago to a railroad manager who 
had recently completed the construction of a line on which some re- 
markable results had been achieved in the handling of large tonnage 
with powerful locomotives and large capacity cars, that the results 
which he had achieved there ought to be made more generally available, 
and that if he would decline to accept any other railway position and 
hold himself ready for expert work, I believed that he would in a short 
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time get all he could do. He said, "That Is all very well in the abstracf, 
but where is the concrete iustanee? I do not know of anybody that is 
looking for an expert of that kind. I should be very glad to enter upon 
the work if I knew of such a case." I said, "The trouble has been that 
there has been nobody available. Railroad managements have not known 
whom to go to— whom they could trust. They have seen the results 
accomplished on certain roads, but they have not known how it is done, 
nor how they could get at the same results on their own roads." 

The result of that conversation was that I sent to him less than 
two weeks afterwards a president of a Western railroad who had certain 
financial matters to carry through and could not command the confidence 
and influence he desired. I suggested that he ought to have a report of 
a first class expert on the property. Well, to make a long story short, 
that expert is today under salary with six railroad companies. He goes 
over the road four times a year; he holds himself in readiness at any 
time to examine and report upon any special point. Invariably his re- 
ports on a property have proved to be of the greatest value and his 
suggestions have been generally acted on. 

I believe that there is not a railroad company in this country but 
could, at times, employ the services of a consulting engineer of acknowl- 
edged ability to report on special problems with great financial profit; 
and that the mechanical officers of the roads could well afford to encour- 
age this system, because it will improve their own work in the future 
and will certainly lead to much greater results than they have found 
themselves able to accomplish. There are Superintendents of Motive 
Power and Mechanical Jj^ngineers throughout the country who are 
"eating their hearts out" under conditions where they feel they cannot 
do justice to themselves nor to the owners of the property; they cannot 
get consideration for the things that they know ought to be considered, 
and they do not know how to get at. I think that there is room for 
independent consulting engineers and railway experts in this country 
who could be thoroughly relied upon and whose advice would be of 
great advantage to the railroad companies. 

The Chairman: Has any other gentleman any remarks to make 
on this? If not, I will ask Mr. Bement to close his paper. 

Mr. Uement: Mr. Scott's remarks interest me very much. He has 
supplied one important idea that I hesitated to embody in my paper, 
which is, if there is any criticism due anybody, it is these Presidents 
and General Managers, whose sanction must be had, as he very correctly 
observes. If my brief paper has an idea to advance to anyone it Is to 
such officials. This paper was not written with the idea of presenting 
an argument favoring the individual; it is a plea for the corporation, 
and the Pennsylvania Railroad, which has been quoted, is an example 
which illustrates the matter. I suppose at some time this corporation 
was less important than sdme others in the railway business, and lEhere 
is, of course, a cause for its success. 
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In reference to the remark of the Chairman, I do not think that a 
man would feel that he was being sidetracked if properly paid for the 
work he did. 

U'HE Chairman: Next we will take up "The Lubrication of Loco- 
motive Valves and Cylinders," by Mr. D. R. MacBain, Master Mechanic, 
Michigan Central Kailroad Company. Mr. MacBain, unfortunately, is 
not able to be present. I will ask the secretary to read his paper. 
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THE LUBRICATION OF LOCOMOTIVE VALVES AND CYLINDERS. 

By Mr. D. R. MacBain, M. M., Michigan Central R. R. Co. 

This I believe to be a subject of more than passing interest to 
mechanical men and of much Interest to the managers of railroads in 
general. 

Fifteen or twenty years ago when the maximum steam pressure 
was about 140 pounds the question of valve and cylinder lubrication 
was not so much heard of, the low steam pressure and perhaps a 
little better class of cast iron used in cylinders and valves, made 
the matter of proper lubrication a simple one. 

It might be said that the reason no particular trouble was had 
in those days could be credited to the fact that the oil allowance 
was more liberal, of a better quality, etc., but this from personal 
experience, I know was not the reason because I was in the business as a 
locomotive engineer at the time and for several years afterwards and 
know beyond any doubt that the allowance of oil usually made by 
mechanical men was sufficient to afford perfect lubrication for valves 
and cylinders so long as water in boilers was carried at a level that 
would insure the absence of saturated steam over valve seats and in 
cylinders. 

The writer has watched the raise in steam pressure from 140 
pounds to 220 pounds and has noted the gradual increase of the trouble 
and its attendant results. 

The slide valve though balanced to the highest possible per cent 
that would insure its remaining on the valve seat when working at 
high speed and short cut off, is, at best, with the present high steam 
pressure, a difficult problem^ when it comes to the matter of lubrication. 

This is particularly true on runs where the throttle is not closed 
for a distance of 25 miles and upwards, and where for reasons of fuel 
economy and in the attempt to get the best out of the engine, the 
engineer uses a wide throttle, notwithstanding the contentions of the 
lubricator men to the contrary, when they promise to deliver the oil at 
the steam chest under "any and all conditions." 

A long experience as a road foreman of engines and a most careful 
effort on the part of the writer to bring about the promised results 
has failed to convince him that the oil can be delivered to the steam 
chest under "any and all conditions. On the contrary, I am perfectly 
satisfied that on long runs such as are described above In this paper, 
either one or the other of two things must be done, ease the throttle 
off frequently so that steam chest pressure will fall much below that 
of the boiler or run with a longer cut off and a throttle opening that will 
keep steam chest pressure down enough below the lubricator through 
the oil pipe to the steam chest all the time when th engine is working. 
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The long cut off and short throttle has become the most acceptable 
method among enginemen and it is safe to say that this fact is respon- 
sible in a large degree for the increase in fuel consumption that ha& 
been pretty much universal. 

If enginemen would persevere in this matter of seeing that the 
valves and cylinders of the locomotives they are running are properly 
oiled before starting out and that no water more than is absolutely un- 
avoidable is worked over valve seats and cylinders, no difficulty would 
be experienced in keeping the rubbing surfaces fairly well lubricated 
even with a wide open throttle, if same is eased off (for a moment) 
very fine, say every five to eight miles. 

On freight trains the cut off is seldom so short that the pulsations 
or variations of pressure in steam chest will not permit of the oil pass- 
ing freely from the lubricator forward and what we recommend in this 
case is absence of saturated steam and enough oil. 

The piston valve has taken away from the enginemen much of the 
annoyance experienced with the slide valve, the two particular items 
of annoyance being the noise caused by the reverse lever trying to tear 
away from its notch in the quadrant and the jerking, incidental to slide 
valve, when it was desired to change the cut off. 

The piston, valve, however, does get dry and very dry, but it will 
not rattle, nor jerk the arms out of the engineer when cut off is being 
changed. 

The fact that the engineer is secure from annoyance and physical 
effort is something which, it is safe I believe, to say, is costing rail- 
road companies a lot of money, not alone in the matter of unnecessary 
wear and tear but also in unnecessary fuel consumption. 

Feeling as we do that the piston valve has simply transferred the 
worry about lubrication from the engineer to the stock holder, it would 
seem that in order that the latter may have justice, some rule should 
be laid down to govern the matter of quantity of oil to be used and 
enginemen educated to understand and respect same. 

Drops per minute mean nothing, unless work performed per minute 
is taken into account. 

Water glasses on locomotives should not be more than three gauges 
long. 

Proper facilities should be provided for getting rid of condensatioD 
easily and quickly when starting up, and rod packing should be kept 
in good condition in order that the oil may not be wasted. 
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The Chaibman: Here Is a chance for the lubricator man to get in 
his work, if we can hear from him on the delivery of oil. 

Mr. Bement: it will not do any good to deliver the oil to the valve 
if the water will wash it away, and I believe there is a great deal more 
trouble in lubrication caused by wot steam than is realized. 

The Chairman: Mr. Wickhorst, in yout tests on the C., B. & Q., 
have you tested any lubricators under high pressure to see how they 
operate? 

Mr. W. II. Wickhorst (C, B. & Q.) : Xo, Mr. Chairman, we have not. 

A. N. WiLLsiE (C, B. & Q. Ky.) : I came here in the hopes of learn- 
ing something about lubricating valves and cylinders, and am very sorry 
Mr. MacBain is not here to take charge of this subject, as it is one which 
should attract more than ordinary interest, not merely on account of 
the cost of oil, but the much more important fact of fuel economy, 
which depends greatly on the manner in which valves and cylinders are 
lubricated. The majority of lubricator men lay stress on the fact that 
they will put the oil down in the steam chests of large freight engines 
when working at their full capacity, but it has been my experience that 
it is much more difficult to satisfactorily lubricate our fast passenger 
engines when running at high speed and with a short cut off. I believe 
the late improved lubricators are good lubricators and put the oil to 
the valves quite satisfactorily, but the fact must not be lost sight of 
that regardless of the amount of oil put in the steam chest there is 
always a certain amount of surface of the valve seat and the valve 
face that is poorly lubricated on account of these parts not being 
exposed to the oil. This is more especially so with slide valve engines. 
On runs such as fast mail trains where the tonnage is light, speed fast, 
cut off siiort. and throttle is not closed for a distance of 80 miles or so, 
it can very readily be seen such engines will be difficult to lubricate 
properly and it will probably be necessary to ease off on the throttle 
or close same entirely, but I am of the opinion that this alone will not 
give the desired result. I think the links should be dropped allowing 
valves to travel farther and throttle should be opened carefully before 
links are hooked up again so as to distribute oil thoroughly over the 
wearing surface. Regarding piston valve engines, I believe Mr. MacBain 
is correct in saying that they require fully as much oil as engines with 
slide valves. As long as the valves are apparently working smoothly 
and the lever does not drive the engineer out of the cab, he is liable to 
become negligent as to the working of the lubricator and the carrying 
of the water and allowing saturated steam to work through the valves 
and cylinders, resulting in a very extravagant performance of a loco- 
motive both as to wear and tear and fuel consumed. I do not think " 
there is .any doubt but that piston valve engines are often run with 
valves and cylinders insufficiently lubricated and at the same time the 
engineer feels that everything is working satisfactorily because the 
reverse lever is quiet and handles easily. 
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The Chaibman: There is one point that occurs to me in regard to 
economy in oil. Kvery engineer for years past has been allowed so 
little oil, a half pint or a pint of oil to so many miles. I tliink that is 
wrong. There is nothing said if he burns up a ton of coal more than 
necessary, yet that coal costs more money than the oil he uses. I think 
it would be more economy to hold them up :on the use of coal than on 
the use of oil. Mr. JVlacBaln will be given an opportunity to reply to 
Mr. Willsie. 

Mb. MacBain: (Communicated) The points I wished to make if I had 
been able to attend the meeting were that the short water glass that 
would not show more than three gauges of water is necessary, otherwise 
engineers would carry water too high. Standard water glasses on the 
Michigan Central Railroad are but long enough to show three gauges. 
This was the best move we ever made toward cutting out trouble in 
lubricating valves. 

The matter of lubricating piston valves needs more attention on the 
part of men in charge of the mechanical end of the work than does 
slide valves because the piston valve will get veiT dry and the cylinders 
as well before the engineers will notice anything wrong. This on account 
of the absence of jerking in the reverse lever. 

A notable incident of this was recently developed on a test made 
by the Mechanical Engineer with an "Atlantic" type of engine. 
Leaving the terminal the right valve feed of the lubricator was 
set to feed four drops per minute and the left one set to feed nine drops 
per minute. After running about forty miles, during which run no 
water was allowed to pass over the valve seats, in starting from a 
station, the Assistant Mechanical Engineer, who was on the front taking 
cards, drew attention to the right valve stem which was apparently 
standing still at the end of each stroke until the engine made what 
appeared to be about one-eighth of a turn, when it would let go with 
a Jerk. In striking contrast to this, the left valve, which had been given 
nine drops per minute, worked perfectly smooth. This engine was 
equipped with piston valves of internal admission type and at no time 
on the trip was there any suggestion of a jerk on the reverse lever. The 
fact that the right cylinder was dry was much in evidence by the riding 
of the engine. 

With reference to the matter of oil delivery at the steam chest, I 
am satisfied that no lubricator in the market at the present time will 
deliver the oil except when steam chest pressure is lower than that of 
boiler, and further that the choke plug at the lubricator is preferable 
to that on the steam chest, as • any stoppage of same is more readily 
detected. This can be proven by tapping the oil pipe near .the steam 
chest and putting in a small cock which can be opened at will when 
the engine is working at high speed and with short cut off. After a 
thirty-minute run under above conditions water only can be found in 
the oil pipe at the point mentioned. 
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I believe that in most cases the allowance of oil made to engineers 
is ample if properly used, but the tendency to use the valve oil for 
other purposes than that of oiling valves, on the part of enginemen, ii^ 
something that is causing much waste of coal, and loss of capacity. 

The Chairman: If no one has anything further to say, a motioii 
to adjourn is in order. 

Adjourned. 
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The regular meeting of the Western Railway Club was held at the 
Auditorium Hotel on Tuesday, March 15th. 1904; Mr. LeGrand Parish, 
vice-president, in the chair. The meeting was called to order at 2:30 
p. m. 

Among those present, the following registered: 
Ault, C. B. Hickok, C. N. Rennolds, W. C. 

Hill, J. W. 

Hinson, J. A. 

Jackson, Thos. 

Jefferson, E. Z. 

Johnson, W. T. 

Johnstone, H. C. 

Keeler, Sanford 

Ketchum, I. J. 

Long, J. H. 

Maus, N. 

McAlpine, A. R. 

McCarthy, J. J. 

McLeish, W. J. 

Meissner, O. w. 

Midgley, A. W. 

Mills, G. F. 

Morrison, G. D. 

Owen, Elmo 

Patterson, J. B. 

Peck, P. H. 

Phillips, L. R. 
uiitTsecj', o. o. Replogle, J. L. >y^.*-, -. — 

The Chatbman: The first order of business will be the approval of 
the minutes as printed. If there are no objections, they will stand 
approved. 



Averill, E. A. 
Ball, W. J. 
Biscboff, G. A. 
Bower, J. G. 
Brandt, F. W. 
Brenneman, H. N. 
Brooks, P. R. 
Brown, R. L. 
Bryant, W. E. 
Cooke, W. J. 
Crosman, W. D. 
Gushing, G. W. 
Dunham, W. E. 
Fenn, F. D. 
Gilbert, E. A. 
Gilman, C. R. 
Goss, W. F. M. 
Guilford, A. L. 
Harris, E. K. 
Haig, M. H. 
Heath, John 
Hennessey, J. J. 



Robinson, Jay G. 
Rowley, S. T. 
Sanborn, J. G. 
Schroyer, C. A. 
Setchel, J. H. 
Sharp, W. E. 
Sherman, L. B. 
Shields, H. S. 
Shults, F. K. 
Slater, Frank 
Stimson, O. M. 
Sullivan, S. F. 
Symington, E. H. 
Taylor, J. W. 
Toothe, E. S. 
Thumauer, Gustav 
Traver, W. H. 
Wells, L. R. 
Wickersham, R. S. 
Wilson, G. L. 
Woods, E. L. 
Woods, J. L. 
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The Secretary then read the following report: 

Membership, February 1078 

Dropped, mail returned (C. R. Holstrom, R. H. Montgomery, F. J. 

Bird, W. S. Worman, H. B. Gregg) 6 

Resigned (J. C. Stuart, M. Ryan, F. J. Hogau, H. E. Williamson, 

H. Schlacks, R. W. Bushnell, F. A. Haughtou) 7 

Died (J. G. Riley) 1 13 

1065 

New members 11 

Reinstated 2 13 

Total 1078 

New members: 

NAME. OCCUPATION AND ADDRESS. PROPOSED BY. 

F. Von Schlegell, American Loco. Equipment Co., Chicago. .J. W. Taylor. 

Jno. Conrath, National Car Lines Co., Chicago D. F. Jennings. 

T. E. Slade, Asst. Engr., C. & N. W. Ry., Cedar Rapids, la. .R. C. Smith. 

A. E. Stephens, Latrobe Steel & Coupler Co., Chicago H. R. Curtis. 

W. D. Epler, Piece Work Inspector, C, B. & Q. R. R., 

Beardstown, 111 T. L. Smith. 

Chas. E. Wilson, International Steam Pump Co., Chicago. ..Wm. Hudson. 

B. J. Sweatt, Div. Engr., C. & N. Q. Ry., Boone, la R C. Smith. 

A. T. Hardin, Engr. M. of W., N. Y. C. & H. R. R., New York 

aty J. W. Taylor. 

L. K. Gillson, Patent Attorney, Chicago G. W. Scott. 

W. N. McMunn, Latrobe Steel & Coupler Co., Chicago H. R. Curtis. 

L. R. Phillips, National Tube Co., Chicago F. K. Shultz. 

reinstated: 

C. H. Osborne, Foreman, C. & N. W. Ry., Chicago W. E. Dunham. 

C. B. Holdrege, 309 Western Union Bldg., Chicago J. W. Taylor. 

The Secretary: Mr. Chairman, before we begin the regular order 
to-day, I would like to give notice of the meeting next month. At our 
April meetiing the following subjects will be presented: 1. "The Steam 
Turbine," by Mr. C. G. Y. King of the General Electric Co. This lecture 
or paper will be illustrated by stereopticon views and will be highly 
interesting. 2. "The Value of Heating Surface," by Mr. H. H. Vaughan, 
S. M. P. Can. Pac. Ry. I will endeavor to get advance copies of Mr. 
Vaughan's paper to the members earlier in the month than for this 
meeting, so you will have a chance to read and study it. 3. The 
report of the Committee on Revision of the Rules of Interchange will be 
considered and the recommendations of the Club made up for the Arbi- 
tration Committee. The Club Committee has sent out circulars asking 
for the suggestions of members and I would ask that you send in your 
replies to Mr. Schroyer, the chairman, not later than April 1st, so that 
the committee can have time to prepare its report for the April meeting. 

The Chairman: The first paper this afternoon will be on "Steel in 
Car Construction,*' by Mr. C. A. Seley. 

Mr. Seley then read the following paper: 
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STEEL IN CAR CONSTRUCTION. 
By 0. A. Seley, M. E., C. R. I. & P. Ry. 

This is a subject which is being considered more or less by the 
managements of railroads generally. The eastern roads, and particu- 
larly the coal and ore carriers, have purchased large numbers of steel 
hoppers and gondolas. The development of most of these was a direct 
change of material from wood to steel instead of the general introduction 
of steel parts. 

This was brought about largely by commercial enterprise and not 
a gradual evolution as has generally been the case with other railway 
equipment. One important coal carrying road has adapted the composite 
construction, employing steel for the frame members which carry the 
load and wood for the body which merely retains or holds the lading. 
So far as trucks are concerned very little if any wood is now found in 
any late designs, particularly of the larger capacities. 

On western roads the steel cars are not so numerous. A few roads 
have something, coal cars mainly, although quite a number of steel 
underframe box cars have been put into service. The writer recently 
examined a wreck in which 16 box cars were derailed, a number of 
which had steel underfraines. The ease of handling and the greater 
salvage of these cars was very noticeable as compared with the wooden 
cars. Steel has been used, although not altogether successfully, in com- 
bination with wood in underf raming. 

Steel center sills in. an otherwise wooden frame are liable to an 
excessive load as it is impossible to make the wooden sills work within 
the range of deflection allowable in the steel sills. 

A great improvement is noticeable in the bolsters of wooden cars 
in which metal either in the solid or a built up construction is now 
used to the total exclusion of wood. 

There is still a very weak spot, or, rather, two of them in our box 
car designs, and those are the ends. Heavy switching shocks and the 
heavier trains and engines in road service have brought about a consid- 
rable increase of mortality in that respect in both old and new cars and 
no wood construction is adequate to prevent this trouble. 

If ever there was a place for steel it is the framing of box car ends. 
One prominent eastern road is using structurel steel in the sides of box 
cars, not as members of the framing, but to prevent bulging of the wooden 
side framing. The time is rapidly approaching, if it is not here already, 
when we should consider steel for the entire framing of box cars. 

Long, heavy timber for sills is getting expensive and oak for framing 
has well nigh disappeared. There is a real need for stronger cars to 
withstand the strenuous movement of modem transportation. The box 
car, being the principal type of car used in our middle western traffic, 
is the one to which attention should be paid and so designed that steel 
shall take its place for all of the carrying members. 
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The ideal box car will have a complete steel frame up to and includ- 
ing the side and end plates and probably the carlines. Such a car need 
be no heavier than present weight for same capacity, strong ends can 
be provided; that part of the load coming to the sides can be carried 
by the upper framing, bulging need not be taken care of by special pro- 
visions, and the general cost of maintenance of such a car will be a 
fraction of that required for the keeping up of old style cars. 

The writer had the opportunity of making a design somewhat on 
these lines a few years ago from which 100 ears were built. The side 
framing was light and the only uncertainty was the possibility of bulg- 
ing under a flowing load, as of grain. 

About 18 months after the cars were put into service an inquiry 
was made regarding the condition of the cars and In particular as to any 
signs of bulging. The reply was very satisfactory and a portion is here 
quoted. 

'^Replying to your letter of the 9th about steel frame box cars. You 
will recall tbat we have 100 of these cars in service, and to their credit. 
They visit the repair tracks so little that we have had practically no 
opportunity of keeping close watch on their performance. 

"We have one at the shops today. No. 60,407, which was among the 
first turned out. It was shopped for some air brake repairs, a broken 
pipe, or something of the kind. The car frame is in perfect condition. 
From the debris of the car floor I note it has recently been loaded with 
oats, at another time with shelled corn, and from marks on the siding 
SLTiC lining. It has been at one time loaded with something nearly to the 
roof. I cannot determine exactly what this lading was, but It was some- 
tlilng that blackened more or less the sides of the car. There are no 
signs of lateral bulging and all of the different steel parts appear to be 
perfectly straight and in as good condition as when new. The lining in 
the car is not broken, as sometimes occurs in rough handling of heavy 
. package freight; but, as this car has been in service 18 months, it has 
probably met with the various kinds of treatment accorded rolling stock 
in this neighborhood. 

**I made inquiry among our foreman and inspectors with reference 
to this group of cars, and they all report the frames in perfect order 
on the cars examined by them, except in the case of one which was side 
wiped. We managed to straighten this one up cold and did not have 
to cut it apart; the light sections readily lend themselves to this treat- 
ment. As we make all repairs to steel frame cars of the various kinds, 
it is fair to assume nothing serious has happened to this group of box 
cars." 

It has been laid down as a principle, and perhaps properly, that the 
carrying strength should be provided in the underframing* of wooden 
box and other cars having a superstructure. 

The upper framing therefore is light and contributes little in carry- 
ing the load. Shrinkage and the working of the body loosens the 
structure generally and tightening of rods and renailing of siding are 
considerable items in the expense of maintenance. 
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It lias been conclusively proved that by the use of steel in about 
5500 cars, embracing hoppers, gondolas and box cars on the N. & W. 
Ry. that the side framing will successfully carry that portion of the 
load coming to the sides. In a wooden framed car the braces are com- 
pression members and if properly applied give the cars its initial camber 
without the assistance of the truss rods. The posts are not the tension 
members, as they are not attached to sills or plates. The side framing 
rods are the tension members, but are generally inadequate both in 
size and bearing to take their lading if required to carry much of a load. 

In a steel frame for a box car both posts and braces are riveted to 
sills and plates and while the braces do not contribute lateral strength, 
the posts do, both by their inherent strength due to their section and 
mlso by the bowstring action, if it may be so termed. As their load is 
Increased this action comes more and more into play, stifitening the 
posts and preventing bulging. In the 100 box cars previously referred 
to the posts were 3-inch light channels, and you have heard the testi- 
mony in regard to their action. 

It might be better to use the Z-bar section, and this has been done 
in later designs. 

The end framing when of steel can be thoroughly tied, using angles 
for corners and I-beams for end intermediate posts, and the possibilities 
in strengthening these notoriously weak parts of the framing are 
immense. 

With the side framing members securely riveted, it will be seen 
that there can be no fore and aft working of the body to loosen the 
nailing of the sheathing and an important gain in maintenance results. 

With the shallow side sills used in such construction, inspection 
is greatly facilitated. 

Some years ago a lot of hopper cars were built with 15-inch channel 
side sills. Later another lot of a different design with 8-inch sills were 
built to the strongly marked approval of the car inspectors. Easy in- 
spection means better inspection and when made difficult by covering 
the parts which should be easily accessible, defects will be missed. 
The steel underframe, while it has very good points, has this unfavorable 
feature. A difficult point in the design of steel frame box cars is to 
provide stable nailing foundation for the sheathing and lining without 
contributing materially to the weight and cost in building. This is 
not an insuperable difficulty, however, as has been demonstrated. 

There is a medium ground where weight, strength and low cost 
of maintenance will meet. While excessive light weight of car means a 
high percentage of possible revenue load it also means high cost of 
maintenance, as no structure subject to shock can be whittled down 
without Increasing the liability to earlier failure and an increased repair 
account. It is possible to design a steel frame box car of lighter weight 
than a well designed wooden car of like capacity. It should cost little 
if any more and the difference between the two in the longer life and 
decreased cost of maintenance, if capitalized, will warrant the increased 
cost and help pay a dividend besides. 
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There has been some discussion of late regarding the use of steel 
in passenger equipment. One Chicago road has done some interesting 
pioneering in this line, but it is probable that progress will be slow in 
the development of this use of steel. It will come, however, just as 
surely as steel has taken the place of wood in bridges, tender frames 
and freight car framing. 

We are using steel extensively for platforms now and for plating 
sills and its further introduction into the framing may be slow, but 
it will be sure. The very long timber required for passenger car sills 
is expensive and steel sills can be obtained full length if desired, although 
this is not necessary owing to the readiness of splicing. It may take 
some experimenting to make a steel frame that will be satisfactory in 
regard to necessary stiffness, yet not be so rigid as to unpleasantly affect 
the riding qualities. 

Baggage, postal and combination cars having unsymmetrical, broken 
side framing would require steel underframing, under trussed, and four 
sills are sufficient with riveted-in cross ties or beams to support inter- 
mediate nailing strips. Other cars having an unbroken side framing 
might have a steel truss in the sides well bracketed to the center sills 
and with heavy body bolsters such a construction could be made as to 
aroid under trussing. 

Designing the steel frame will not be as difficult as arranging for 
the attachment of the wood construction necessary in the structure. 
The comer and door posts and end framing can be sufficiently of steel 
to minimize danger of telescoping if not prevent it entirely. 

The foregoing suggestions are offered based on an experience in 
freight work only so that they are open to objection and criticism. 

I trust you will pardon the reiteration in this paper of considerable 
that has appeared before in contributions to Railway Clubs and the Rail- 
way press. It is only by continual discussion that this subject can 
be worked out to practical conclusions and steel be given its proper place 
in car construction. 



The Chaibman: The paper is before you for discussion, gentlemen. 
Mr. Schroyer, will you open the discussion? 

Mb. C. a. Schboyeb (C. & N. W. R. R.) : I would prefer to hear 
from those who have steel cars. But as you have called on me, I might 
say something as regards why we are not using steel cars. I have read 
Mr. Seley*s paper with a great deal of interest, and if I were selling steel 
cars, what he has said in his paper woud be just about what I would 
put to the other fellow whom I was trying to induce to buy. Some- 
times the other fellow has some other stories, and sometimes these steel 
car fellows that come up to see me can tell a longer story. 

One of the drawbacks is that every fellow that gets up a steel car 
and puts on an angle iron, or a brace of steel, or clips off the comer of 
an angle iron, or who will bend it at an acute angle, or something of 
that sort, will go and get a patent and another fellow will put in a brace 
of some sort and will get a patent on that, so I venture the assertion that 
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there are more patents on steel cars to-day than any other thing you can 
mention in connection with the car department of the railroad. That 
is a great drawback, and I think it is a mistake, going into anything 
that is covered by so many patents, as most of these cars are. 

My idea of a steel car is that it should be one that can be built clear 
through by anybody in any shop that it can be handled in. To the man 
that comes to me and talks to me about steel cars, I sometimes say, 
"What is that car going to cost?'* " Well, that car will cost anywhere 
from $900 to $1,300." If we were going to buy a thousand steel cars, they 
would cost us $1,300,000 for these cars. If we buy one thousand wooden 
cars at the prevailing prices of to-day (and wood, as yet, is sufficiently 
plentiful to justify us in the use of wooden cars awhile longer), we can 
get those wooden cars for about $600,000 to $700,000. Now, the difference 
is just about double — we pay twice as much for a thousand steel cars as 
we pay for the same number of wooden cars. Now, suppose we take 
that extra $700,000 and buy another thousand wooden cars, what can we 
do? With that thousand cars on the road we can have enough to main- 
tain all the balance of the 54,000 cars that we have in service to-day. 
That means wheels, axles, oil, waste, brasses and every single item of 
expenditure that there may 'be on those cars, so that if, instead of buying 
a thousand steel cars, we will buy two thousand wooden cars, we will 
be a great deal better ofC than we would be if we bought the high 
priced cars. We do not think any railroad is justified in buying steel 
cars unless its capacity is 80,000 or 100,000 pounds. It costs more money 
to pull a 60,000 pound load in a 100,000 pojind car than it would in a 
60,000 pound car. That is due to the diameter of the journals and size 
of the wheels. And the average load that we get for our 60,000 pound 
cars, you all know, if you know anything about this, falls so far below 
the capacity of the car that it would as yet, with us, be a loss of revenue 
to buy the heavy carrying capacit3' car when we cannot get half the 
average load for a lighter car. We would be justified in buying a 
steel car if we can get a maximum load. "Well," they say, "you can 
get a maximum load of coal and you can get a maximum load of ore, or 
a maximum load of grain." . Yes, we can, but the reason we do not buy 
the ore car is because if we buy a 100,000-pound ore car, we have to 
haul it on a wheel base of 18 to 20 feet, 24 feet being the total length 
over the drawbars of the car. The result is that we have such an ex- 
tremely heavy load on so short a wheel base that we are not justified in 
hauling a load as heavy as that over bridges, and the center of gravity 
on a car so short as that is raised so high that it makes it very objec- 
tionable and hard on the roadbed. 

We have the 80,000 -pound wooden car, and we can buy very nearly 
two of them for one of the others, and the condition under which 
those cars are operated is such that two wooden cars will earn us a great 
deal more money than a steel car possibly could do. 

In the matter of coal cars, where we can get a maximum load at all 
times, one of the greatest drawbacks is the fact that you have to load 
your car and take it out to a country side track and hold your car until 
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the dealer has disposed of the coal to his customers. In the case of a 
flat car and box car, we do not think that we have as yet arrived at the 
time when we would be justified in buying steel cars at an increase of 
cost. 

Mb. J. J. Hennessy: (C, M. & S. P. Ry.) : Mr. President, I feel a 
great deal as Mr. Schroyer does, that I would like to hear from some 
of the members who are more familiar with the steel car than I am, 
although I have given the steel cars very close inspection since they 
have come into general service. 

I think the success of the steel car depends a great deal on the class 
of freight that you want to haul in it. For illustration, I believe that 
if our people were going to build a 100,000-pound capacity, self-cleaning, 
hopper coal car I would recommend a metal car, but our people are not 
prepared to handle that class of cars at the present time. I do not 
know of any other class of car that I could conscientiously recommend 
that would be a paying investment on the increased first cost to the rail- 
road companies. 

In looking over the paper to-day, which I read with a great deal 
of interest, I am inclined to believe that possibly the first step that 
should be taken is to strengthen the draft gear and draft sills of our 
wooden cars. If we will maintain the center sills in a wooden car, I 
think the life of the car will be greatly prolonged. The life of eighteen 
months of any well constructed car practically gives us no knowledge; a 
wooden car that was constructed eighteen months ago I certainly would 
not expect to see on the repair track, barring accidents. I believe the 
first thing we should do in leaving the wooden car— I am speaking now 
more particularly of common box cars— is to build wooden cars with the 
metal center sills. My experience has not been the same as Mr. Seley's. 
In May, 1901, we built fifty wooden cars with metal center sills. The 
following year, in the early part of 1902 we built five hundred more. 
Up to the present time we have never replaced one of these center sills, 
notwithstanding the fact that the gear is riveted directly to same. Our 
folks have been so well pleased with the result, that we have just com- 
pleted building five hundred 50 tons capacity coal cars with the same 
construction. 

In discussing the question of metal framed box cars, there are many 
things to be taken into consideration. The design shown in the paper 
is somewhat different from the majority of box cars that are now in 
service, although I had the pleasure of inspecting half a dozen stock 
cars very recently that were built about as this paper describes, metal 
underframing, metal posts and metal plates, braces riveted to the side 
sills and to the plates. The inspection developed this, that although the 
cars were not three months old, one of them under load showed the 
metal underframing to be bent down about one inch in center; another 
was out of line about one inch sideways, and bent down about three- 
quarters of an. inch; two more were in reasonably good condition and in 
one the top showed signs of working. But as that style of car is very 
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little in service, let us discuss more the cars that are actually in service 
with the metal underframing. 

As I said before, I believe the metal car is here to stay, but I ques- 
tion very much whether the time has arrived that it is a good financial 
investment for the Western roads. The average metal car has a wooden 
side sill, 5x6 inches, or I will call it a wooden rest for posts and braces, 
bolted onto the side of the frame. The posts and braces which are of 
wood, rest on this wooden structure; the plate and carlines are of wood. 

Now let us see what the deterioration of a box car really is. The de- 
terioration that counts very rapidly on wooden cars and cars with metal 
under frame alike is the roof, floor, siding, doors, etc. The side sills on 
any wooden car will last from fifteen to twenty years, meaning a wooden 
box car, barring accidents. The deterioration on the brakes of a metal 
car and a wooden car is the same 5 it will be the same on the draft gear, 
it makes no difference what gear you put in, if anything, it will be a 
little less on the wooden car because it cushions better. 

Really the only thing that you would have to compare to get a com- 
parative statement of the cost of maintenance is the difference between 
the side sills and the intermediate sills. I do not think that any of the 
metal box cars are old enough to make any comparative statement of 
what the maintenance of these are going to be in comparison with the 
wooden cars. 

There is another thing that I have noticed, and I have watched it 
carefully, I am not prejudiced at all, because I believe that we all should 
keep up with the times; if the metal car or the metal underframing is the 
correct thing, I believe that railroad men cannot know it too soon. There 
is no man, in my opinion, as great a fool as the man that tries to fool 
himself. If you will go through the yards and inspect one hundred or 
two hundred cars, wooden cars properly constructed, two or three years 
ago, with the same number of metal underframe cars constructed at the 
same time, I think you will become convinced that the metal under- 
frame car is much harder on the wooden upper structure. 

Mr. Schroyer: Mr. Hennessey was looking at me when he was talk- 
ing, and I am not sure whether I said anything to make him mad or not; 
if so, I want to apologize. I thought he was getting madder all the 
time he was talking. 

Mr. Hennessey: I have been doing business with Mr. Schroyer for 
seven or eight years, and he has hardly ever talked that he did not rbake 
me mad. (Laughter.) 

Mr. Joseph Buker (Illinois Central R. R.): We have no steel cars, 
nor steel underframed cars. I am not in position to say anything very 
much for or against the steel cars. I would like to hear from somebody 
that has steel cars. 

The Chairman: Have you any passenger cars with steel under 
framing? 

Mr. Buker: We have six pa^fseiiger cars, all steel, but they have 
not been in service long enough to give any idea as to what results we 
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will obtain from their use. They are suburban cars, and, in fact, they 
have been in service only about six weeks or two months. 

Mr. J. E. Keeoan (G. R. & L R. R.) : The line with which I am con- 
nected has a considerable number of steel cars as well as cars with steel 
underframing. We also handle a large number of steel and steel under- 
frame cars belonging to Pennsylvania Lines. The only objection to their 
use on our Northern Division is that mentioned by Mr. Schroyer — in- 
ability to load with forest products to their capacity and keep inside 
of load limits and clearances. We find, however, that the cost of 
maintenance of freight cars is lessened by the presence of a compar- 
atively large number of steel or steel underframe cars in the equipment 
through the lessened number of cars requiring repairs. 

These cars have not been in use suflaciently long, however, to enable 
us to furnish figures showing comparative cost of maintenance. 

Mb. Schroyer: I would like to say a word more in regard to the 
economy in the use of steel cars on our Western roads. I do not know 
whether you are aware of the fact that the interest on the investment 
in the higher priced steel car above the interest on the investment of 
the wooden car as built to-day, represents enough money to maintain 
all the wooden cars that are in service to-day and to rebuild such wooden 
cars as may be destroyed as result of wrecks, natural wear and decay. 

In the matter of wheels and axles, brasses, drawbars, air brakes, 
roofing, siding, doors and a large number of other items, they are subject 
to the same wear and tear in the steel car that they are in the wooden 
car so that any difference in favor of the high priced steel car must be 
affected by its decreased cost of maintaining the iron frame of the bot- 
tom of the car and its carrying capacity. Where the business of a road 
is such as to enable it to get maximum loads, to load and unload quickly, 
the steel car may be economical, but, where the conditions existing are 
such that this cannot be done, the two wooden cars of the lighter carry- 
ing capacity, I consider more profitable than a single car of high carrying 
capacity. 

I believe that the time is coming, when, as a result of the scarcity 
of timber, we will be compelled to build the high priced steel cars, but 
when we are forced to do so, I think they should be built of mechant bar 
sections that can be handled in the shops by the same force that is now 
handling the wooden cars. 

The Chahiman: Mr. Peck, have you anything to say on the subject? 

Mtt. P. H. Peck (C. & W. I. R. R.) : My experience has been that 
heavy steel cars with steel underframing, when they are heavily loaded, 
the frame will sag under the heavy load and when the slack comes, it will 
come up in the- center. We have steel cars about nine years old, coal 
cars that are made of "I" beams. The sills were first removed this year 
and I am going to make them of wood, as they are so rusted out that we 
cannot do anything with them. The sills were rather light and rather 
narrow, but they are entirely rusted out. 

I have also found that repairs on steel cars are very expensive, and 
that a different class of men is required to do the work, and more ex- 
pensive tools have to be used. 
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We had some work to do on a steel car some time ago that on a 
wooden car would have cost $1.25 to repair it, but it cost me $40 to get it 
repaired because I had to ship it to Joliet to get the work done. But if 
everybody had ^eel cars and had the tools which are required for work 
on them, possibly the cost of repairs would be reduced. 

The Chairman: If there are any representatives of steel car com- 
panies in the room, we shall be pleased to hear from them. 

Mb. Peck: If there are any steel car men around. I think they are 
afraid to show themselves. We would like to hear from them. We have 
told them what the bad points ai-e, and if there are some good points, 
we want to find that out. 

Mb. Schroyer: I know there is one here but I will not tell on him. 

The Chairman: I was afraid we were taking advantage of their 
absence but if there is one present we woiild like to hear from him. 

Mr. Ball (Bettendorf Axle Co.): I represent a steel car company, 
but the work so far has been mainly on tank cars, and those are not 
under discussion. As far ds the construction of box and coal cars is 
concerned, I cannot say very much. 

Mr. Schroyer: I think the membership will be glad to hear from 
Mr. Parish on the subject. 

The Chairman: I have had very little to do with steel cars from the 
fact that nearly all of them are handled on the east end of our road, 
and therefore, I do not feel qualified to discuss the merits of steel cars 
from actual observation. I hope we can hear from some more of our 
friends in the steel car business, because now is the time for them to 
present their case. 

Mr. Schroyer: There is one phase of the question that I would like 
to have Mr. Seley say something on that he has not mentioned in the 
paper, and that I think he must know something about, and that is, what 
economy there would be to any road in this Western country in building 
a steel car to-day for such a general service as they have on the Rock 
Island road to-day. He is running west now and he knows the condi- 
tions that exist in these Western roads, and I would like to hear from 
his as to whether he thinks the steel car would be economical, both from 
the standpoint as a money earner and as to maintenance. 

Mi Seley: I will take up that matter in closing. 

The Chairman: Mr. Stimson, are you using steel construction in 
refrigerator car work at all? 

Mr. 0. M. Stimson (M. C. B.-S. R. L. C): Some two years ago we 
went carefully into the matter of steel construction for refrigerator cars, 
and we found, as Mr. Schroyer has stated, viz.: that the first cost of a 
refrigerator car, in which steel was incorporated for underframing, posts, 
braces, plates, carlines, etc., was nearly double of that of our present con- 
struction. 

We concluded, I believe, that it would have been possible to properly 
insulate a car having steel construction, but when the first cost, the in- 
terest on the investment the depreciation, and the cost of maintenance 
were considered, in comparison aa ith the wooden cars, together with the 
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fact that our cars are scarcely ever loaded with more than 30,000 or 40,000 
pounds, it was apparent that the wooden car was much the better in- 
vestment. 

Our company has, therefore, not even made experiments along the 
line of steel construction for refrigerator cars. 

Mb. William Forsyth (Railway Age) : I thought that when iMr. 
Seley's paper would be discussed to-day, that we would start right in and 
discuss the paper in regard to the general subject of steel cars, and the 
development of them, different matters of construction, and so on. I did 
not expect that the question of comparative merits of steel cars and 
wooden cars would come up so prominently as it has, and in this dis- 
cussion I am still surprised to find that the Western men are so much 
opposed to the steel cars. 

I do not see why the conditions in the West are so far different from 
those in the East as to decidedly affect the steel car question. We have 
here in the West grain which can be loaded in capacity, certainly, in 
large quantities; we have coal, which can be loaded to capacity, we have 
lumber, we have lots of heavy merchandise, and I say, I do not see why 
the conditions here are so far different from those in the East, and the 
Eastern roads have certainly gone into the steel car in a wholesale way, 
and if they have made a mistake it is a pretty big mistake. 

As far as economy is concerned as related to capacity, I think they 
have demonstrated pretty carefully that they were all right, that even 
if they did not get full capacity, that the steel car would still be economi- 
cal for the reason that the lading was so much larger, even if not always 
fully loaded. That question of maximum capacity related to the economy 
of cars has been threshed over so often that I think traffic men under- 
stand it pretty well, and if I am not mistaken, they have come to the 
conclusion that the high capacity car is the economical car, and that there- 
fore the steel car, which is a high capacity car, would be the most eco- 
nomical, and I believe that the experience with it on the larger roads in 
the east has proved it to be so. 

Mr. Schroyer gives some surprising figures in regard to the repairs 
of steel cars, which I think must be based on pretty limited experience, 
because they are quite different from those of many other roads. He 
mentioned, I remember, the fact that the cost of repairs to draft gear 
even on steel cars is about equal to that on the wooden car. On the 
contrary we all know that the cost of repairs to the draft rigging on steel 
cars is very small. 

The other argument against steel cars has been their high cost and 
the interest charge on that high cost. That may have been true in the 
past, but a large number of steel cars were built at times when the 
railroads had to have cars and when they paid any price that was asked 
for them in order to get them, and the car shops were crowded. That 
condition does not exist to-day. The steel car companies would be glad 
to build cars at a great deal less price than they charged in 1902, and I 
imagine that the steel car which Mr. Schroyer talked about as costing 
$1,200, could be bought to-day at a much lower price, so that those 
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figures in regard to original costs and interest will have to be largely 
revised in order to make a fair comparison at the present day. 

Coming now to Mr. Seley's paper. He first mentions the body 
bolster, or the improvement of bolsters in wooden cars. While the metal 
bolster for such cars has been approved in a measure, it has been a diffi- 
cult thing to apply the two-bar bolsters to wooden cars on account of 
the interference with the wooden sills, and the bolster which is now 
generally used is the most uneconomical structure, probably, that there 
is about the car. It weighs more in proportion to its strength and stiff- 
ness than any other metal part of the wooden cars. 

The box car with the upper frame of steel which he refers to, I am 
sorry that he did not illustrate in this paper. I do not know whether 
it has ever been illustrated, but I hope to see the plan; the record of it 
is certainly quite favorable. 

Then the real interesting part of this paper, I think, is that which 
relates to steel in the passenger car construction, and I am glad to see 
that Mr. Seley not only has faith in steel coal cars, buj: he even believes 
that in the future passenger cars are to be built of steel, and I agree 
with him, for I think the time has come now when we shall begin to 
think seriously of making a stronger car out of steel, instead of such 
heavy cars as we have in our passenger equipment to-day. 

The matter of arranging for the attachment of the wood to the 
steel in passenger car construction it seems" is a difficult thing, and in 
view of attempts that have been made in this country so far, they have 
found it is rather an awkward thing. That is something in which we 
have had little experience, but I remember when I was in France fifteen 
years ago, I saw steel passenger cars 50 feet long, and now in England 
they are building large cars 65 feet long with six-wheel trucks and steel 
underframes; in fact, the passenger equipment of the best part of 
Europe is all of steel underframe, and some have metal bodies. They 
have learned to finish up the inside of these cars making them com- 
fortable and attractive, and I think there is where we can learn something 
when we come to the time when we must go into steel construction for 
passenger cars. 

Mb. Schroyer: I would like to say that the price of cars as quoted 
by me was given to me by a steel car man less than a week ago. He 
quoted to me the price of a box car at $1,300. I made comparison be- 
tween that car and the car that we are using. 

I hardly think it is fair for a man to get up in these meetings and 
to have put on the records of this club that the wooden car that we are 
building to-day is weak and poor, especially referring to a passenger car. 
Now, there is not a man That knows anything about a passenger car but 
knows that the wood cannot be put together better than it is being done 
to-day by the car builders of this country, that a stiff er, better car 
throughout cannot be built, and you must all acknowledge that wood has 
an element to cushion the blows that are received by our passenger car 
every day that is not possessed by the iron, and the result is that under 
continual blows, the iron is damaged to a very much greater extent than 
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the wood is now damaged, and it would cost us a great deal more money 
to maintain it than the wood. 

J^verybody knows why they build iron cars in Europe. The reason 
is that they have not the wood there and they must build them of iron, 
and it does not matter if it does cost three or four times as much, be- 
cause they have not got the wood, and that same condition will some- 
time confront us because the time will come when we will run out of 
wood, but that time is not yet here. I do not believe that we are yet 
ready for the iron car, because we. can get timbers to build cars and 
can build good ones. 

Mk. Keegan: In support of the statement made by Mr. Forsyth, 
and in answer to Mr. Schroyer, we have had a quotation within a few 
<lays of $1,100 for a steel car that two years ago cost $1,325. I will 
Hay, further, that the operation of the Pennsylvania Freight Car Pool, 
which maintains all the freight car equipment on Pennsylvania Lines, 
Indicates that an economy is produced in the matter of maintenance of 
freight cars through the use of the steel cars, from the fact that in the 
schedule showing number of cars to be rebuilt on the different lines com- 
posing the pool there is a reduction in the number of cars to be built 
this year of about 20 per cent as compared with the number requiring 
rebuilding last year. 

Mr. Hennessey: Just one word more. I do not think that the steel 
car has been with us long enough to make a fair comparative statement. 
It is not fair for a road that has been building steel cars for five or six 
years to be making comparative statements with wooden cars, some of 
which are twenty-five years old. That is where we do not get good com- 
parative statements of the cost, try as hard as we may. 

There is another thing in steel cars that I do not think is fully 
developed, and that is the advance of corrosion on steel cars. You cannot 
protect it with paint; w^here it laps on the corners it cannot be pro- 
tected. If painted on the inside, the lading knocks the paint off and 
corrosion commences to work at once. Now, I believe that the steel 
car, as Mr. Schroyer said, is going to be here sometime in the future, 
and possibly we will have to use it universally, but I do not think it is 
good economy at the present time. 

George Welsby Scott: (Communicated). The paper by Mr. Seley 
recalls many considerations which I had in mind when designing the 
system of Under and Upper Framing for Cars described in the paper 
"Steel Framing for Freight Cars," which I was permitted to present to 
this club at its meeting in March, 1901. With that paper I submitted 
two drawings, one descriptive of the Under Framing, and the other 
showing an arrangement of Upper Framing involving Posts, Carlines 
and Braces of Steel of Commercial Sections. 

For easy reference the two drawings show by isometrical projection, 
the general character of the respective framings. Fig. 1 disclosed a sys- 
tem of Under Framing which has been found successful in service of a 
rigorous character, and Fig. 2 Illustrated a system of Upper Framing 
which has proven equally successful. 
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In Mr. Seley's paper Le refers to the weakness ordinarily to be 
found in the end framing of box ears; and it was because of this known 
weakness, and the desire to provide a more competent structure, that the 
design illustrated was employed. An examination of the drawing will 
show the application of the diagonally disposed tensional members whose 
functions, operating in conjunction with the associated parts, it is to 
prevent distortion of the sides and ends of the body of the car. The 
said diagonal members are anchored to the under framing and con- 
nected with the upper longitudinal members, all as shown. 

It is true that the use of a steel upper framing for a box car in- 
tended to be sheathed with wood involves a diflaculty with respect to 
the application of suitable nailing pieces, but that, after all, is a detail 
and one depending upon the character of the steel framing. In the 
instance of the framing in Fig. 2, the application of nailing strips offers 
no special difficulty by reason of the simplicity of the upper framing 
itself. 

With regard to the use of steel in the upper framing for baggage, 
postal and combination cars, some structural advantage will be de- 
rived by a proper consideration concerning the location of the doorway. 
An analysis of this phase of the problem will show that, other things 
being equal, the most advantageous position for the side doors is over 
the bolster, and the next best position is in the middle of the car 
length. Positions intermediate to these two being less advantageous 
and to an extent depending upon the location assumed. 

The Chairman: If there is no further discussion, we will ask Mr. 
Seley to close the paper. 

Mr. Seley: My principal criticism of Mr. Schroyer is that he speaks 
of the use of iron instead of steel. I would not build iron cars myself, 
I would rather build steel cars. 

As regards his objection to patents, I would say that it is a com- 
mercial proposition for a man, if he has an idea to get it patented, and 
a manufacturer will not object to pay him for that patent. Steel car 
companies have done the same thing; it is their right. We are buying 
any amount of patented articles for railroad service and we think it is 
the proper and right thing for the United States to stand back of the 
patent system of tbe country. At the same time I will sav that I have 
never taken out any patents on the designs which I made while on the 
Norfolk & Western Road. There are two designs of hoppers, forty and 
fifty ton; forty-ton gondolas and forty-ton box cars. 

As far as Mr. Hennessey's criticism is concerned in regard to eighteen 
months not being a fair trial of the design in question, I meant to draw 
the conclusion that eighteen months was a fair time to test the con- 
struction, as to whether the steel upper frame would carry the load 
and not bulge if made of light sections. I think that is absolutely and 
conclusively proved by eighteen months' service of these one hundred 
box cars. He speaks of successfully using steel in center sills. I am 
not absolutely sure that his sill is entirely of steel; my impression was 
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that you were using a form of steel draft gear rather than the complete 
steel sill. 

Mb. Hennessy: The sill is an entire steel sill. 

Mb. Seley: I happen to know of a road that has tried that before 
with a considerable number of failures, a large number of center sills 
were broken. I do not know of a single center sill being broken on the 
Norfolk & Western in the steel frame designs on that road. 

In regard to%Mr. Peck's assertion that a different class of men are 
required for repairs of steel cars, I would say that is not the case on 
the Norfolk & Western road. They not only repair the cars, but build 
them with the ordinary ear labor. 

I must confess that my experience in regard to the use of steel has 
been on the Norfolk & Western Road and not on the Rock Island. The 
Norfolk & Western R. R. is a coal carrying road to a very great extent, 
and to that extent those are special cars, although used in general traflftc 
on that road so far as the gondolas and box cars are concerned. 

I think that Mr. Schroyer has had some very high quotations, and 
I would not advise him to buy of the party that quoted them. While 
on the Norfolk & Western Road, as stated in this paper, we built one 
hundred steel frame box cars, and immediately followed with four hun- 
dred wooden cars of the same capacity, same trucks and same general 
dimensions. The wooden box cars cost about $140 less than the steel 
framed cars. As you know, that road is favorably located in reference 
to the Southern lumber market, and it is quite a haul from Pittsburgh, 
where the steel had to be obtained, and it did appear to me that if these 
cars could be manufactured closer to the base of supply of steel, that 
the difference in cost would be so far reduced that it could very well 
be disregarded. 

Mr. Hennessy spoke on my side of the case when he spoke" about 
the low cost of draft gear repairs when attached to the steel sills. As 
far as corrosion is concerned, I think that that matter has been over- 
estimated in the West. I feel quite sure of it. We have had steel tanks 
on our tenders for years, and they have as severe service as any coal 
car, and while I have had no experience with all steel coal cars, I have 
watched them very carefully, and I will say in regard to the Norfolk & 
Western type, composite construction, that I have seen very little evi- 
dence of bad corrosion. I know there are coals in some sections of the 
country so loaded up with sulphuric acid that if allowed to stand in the 
ear, the steel will corrode very badly. I do not know whether it was 
for that reason that the Norfolk & Western decided that the composite 
construction was better for their use or not; in any event, they have 
tied to that construction. There is very little steel in their cars that is 
in contact with the coal, and I have seen those cars all over the country 
and have watched them wherever I have seen them; they look at me, 
apparently, without my looking at them, and I have never seen one 
of them out of lino, even with a full lading of coal. 
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I agree that so far as making a comparison between wooden and 
steel box cars is concerned, that the comparison is not favorable when 
figuring on a wooden upper structure placed on a steel underfran^e; in 
fact, I do not believe in that sort of construction at all, and I base my 
belief on the performance of the design quoted in this paper. They are 
so stiff, so free from any working of the body due to their construction; 
they are always straight up with their load; in fact, when they are down 
they are gone. The cars were a pleasure to me, and so far as first 
cost was concerned, the situation on the Norfolk & Western justified 
going to steel in every sense of the word. 

We largely manufactured the cars ourselves, so that we saved the 
manufacturer's profit. Allowing 10 per cent profit, would not bring up 
the cost of these cars anywhere near the figures that have been quoted 
by Mr. Schroyer. 

Regarding the economies of the cars, I feel sure that steel cars, 
whether of the type I have described, or steel underframed, or anyway 
that you will apply the steel, that steel is going to make a saving in 
maintenance. 

I called attention in this paper to our weak box car ends, and I 
do not recall hearing anybody defend wooden construction in that par- 
ticular. The Norfolk & Western have classified their repairs, and I re- 
call that their No. 1 repairs on these steel cars contemplates a car thor- 
oughly wrecked, such as its condition would be after rolling down those 
Virginia mountains. They would bring that car back to Roanoke, cut it 
apart, straighten the bent sections, rerivet it, renew the woodwork 
partially or wholly, repaint and restencil a fifty-ton hopper car at an 
average cost of $134.78. If you roll a wooden box car down those moun- 
tains you would leave it down at the bottom of the hill, bum it up, and 
possibly get the scrap back. The fact of the case is you cannot destroy 
that steel. An analysis of the $134.78 goes to show that 74 per cent 
of the amount is for labor, the balance for material. All of our wooden 
car owners know that the heavy repair costs of wooden equipment re- 
verse those figures; you will pay your 75 per cent for material for the 
heavy repairs of your cars. 

While I may be a little bit early in urging this matter of steel in gen- 
eral construction in the West, I have one point in mind that it might pos- 
sibly be of assistance in the future. The Master Car Builders' Association 
has been working towards standards, and it seems to me that by the 
time that steel is necessitated in general car construction in the west, 
we may have arrived at a general design, or at least a design on general 
lines which could work in as a standard on western roads. Whether 
that is advisable or not, I do not know, but I had that idea in mind in 
bringing up the steel car question at the present time. 

The Chairman: Our next paper for discussion this afternoon is, 
"The Technical Graduate and the Machinery Department of Railroads,** 
by Prof. W. F. M. Goss, of Purdue University. 
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THS TECHNICAL GRADUATE AND THE MACHINERY 
DEPARTMENT OF RAILROADS. 

By Prof. W. F. M. Gross, Purdue University, Lafayette, Ind. 

The Technicai^ Graduate of tlie better scliools of engineering is not, 
as many people have supposetl, a boy, but a man. His age may approach 
thirty years, and is never less than twenty. The average age of 
sixty-three members of the department of Mechanical Engineering of 
Purdue University is twenty-two. (See appendix.) The average graduate 
has good health, a good frame, and some muscle. As a day laborer be 
should be able to earn his wage. He also has some experience as a 
mechanic. In school he has had courses in shop practice which, while 
too limited to ghe him great skill, have served to enlarge his under- 
standing of such matters. Many instances have come under my observa- 
tion of men having no other experience than that afforded by the college 
shop, taking regular employment as machinists or pattern makers with 
satisfaction to their employers. Moreover, he has had a limited amount 
of actual shop experience either before entering college or during his 
summer vacation, or both before college and during his summer vaca- 
tion. By the service sheet of the class already referred to (appendix), 
it will be seen that there are but two men in a class of sixty-three 
who have not engaged in some regular work at a stated rate of pay. The 
longest period of service is approximately nine and a half years; the 
average for the class is two years and two months. Most, though not 
all of this service, has been rendered in shops or drafting-rooms. His 
school training, also, permits him at once to do useful work in any 
drafting room. All these are very commonplace qualifications, but they 
are too important to be overlooked by anyone who seeks to formulate 
an estimate of the graduate's ability to serve. 

The average technical graduate has some unusual qualities of 
character. As a youth he persisted in his school work when many of 
his fellows having equal opportunity yielded to boyish desires and 
dropped out to become wage-earners. The technical graduate held to his 
task. At the close of the grammar school the ranks about him thinned and 
again at the conclusion of the high school many of his remaining com- 
panions dropped away. But he kept in check his natural restlessness and 
entered resolutely upon the four long years of a college course. Nor 
has his part been entirely one of passive resistance. All along the way 
he has been .subjected to severe tests designed to prove his worthiness 
to proceed. In the high school, at the entrance gate of the college, and 
throughout his college course, men have failed and departed, while he 
has passed on. Many of those who have proven themselves stupid, or 
lazy, or indifferent, or of bad habits, have been shaken out with the re- 
sult, that whatever may be his faults or deficiencies on the day of his 
graduation, the fact remains that the technical graduate is a winnowed 
product. 
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Finally, the technical graduate in his knowledge of science and tech- 
nology has a broad foundation upon which to build a life's work as an 
engineer. Jle is something of a scholar and is sufficiently trained in in- 
tellectual processes as to be able to deal with facts as he finds them. 
The technical graduate is usually exceptionally pure in his impulses and 
purposes. He knows how to sacrifice and is honest and truthful. In 
many cases he has earned much of the money which he has spent as a 
student, and as a rule, he is always ready to work. These in brief are 
his attributes. 

In all this I have no wish to imply that the technical graduate 
knows all that he ought to know, or that his character is always perfect 
In common with other men, he has faults. But no one should be judged 
by his faults. I am asking no favor in behalf of the technical graduate 
when I seek to have him measured by the standards which are applied 
to other men. 

There are in this country approximately sixty institutions of rec- 
ognized collegiate standing, having students in those departments of 
engineering which most closely touch the interests of the railroad, 
namc-ly: In Civil, Mechanical, Electrical and Chemical Engineering.* In 
the year 1901-2 forty -eight of these institutions, embracing certain of the 
so-called land-grant college for which statistics are available, had in 
attendance upon the courses named a total of 9,084 students.^ Full re- 
turns for that year would doubtless show a total for all institutions of 
between ten and twelve thousand. Of this number) not less than two 
thousand were graduated. Since 1902 the enrollment of students in most 
schools of engineering has materially increased, and the probability is 
that the number of graduates from the courses named will this year 
approach 2,500. 

The absorption each year by the various industries of the country 
of 2,500 or more trained young men is a matter of no small signfiicance. 
It requires no argument to show that these men include in their number 
many who will later have a prominent part in advancing the engineering 
practice of our country, and, hence, their distribution is a matter of some 
importance. If, for example, it were shown that some one industry re- 
ceives and retains in its service a much larger share of these technical 
graduates than another having similar needs, it would be expected that 
its operations would in the long run become the more efficient, and, sim- 
ilarly, it would appear that an industry receiving less than its share 
must in the end suffer through lack of technical ability. In vie^w of 
these facts it is of interest to inquire whether the motive power and car 
department of railroads is getting and retaining its share of the technical 
graduates? 

The Motive Power Department and the Technical Graduate.— It is 
the experience of the college authorities that the number of graduates 



♦For complete list of institutions having courses in engineering, see 
Proceedings of the Society for the Promotion of Engineering Education, 
Vol. X, 1902. 

^Report of the Commissioner of Education, Vol. 2, 1902. 
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desiring to enter the motive power and car departments is small when 
compared with the number which the railroad officials ask to have rec- 
ommended to them. To those who have been interested in specializing 
the preparation of the college man for the work of such departments, 
this has been the source of some disappointment. But the fault is not 
the student's, for the student of mechanical engineering is usually pre- 
disposed to enter the railroad service. Nor is it the fault of the college, 
for the success of courses in locomotive design, car design, and locomo- 
tive performance, as administered in the college, is shown by the com- 
paratively large numbers of students electing them. Such subjects appeal 
to tastes of students and are chosen by them in anticipation of service 
which later they hope to render. But when the time for business comes 
they look the field over, and having ascertained something of the char- 
acter of the various opportunities which are open to them, they gener- 
ally turn from the motive power department and make their start else- 
where. Such a condition is in part due to the pressure of good times, 
and to the number and variety of chances which in recent years have 
presented themselves to the graduate, but it is none the less true that in 
competition the offer of the railroad has not proven attractive. 

Another condition which suggests that the motive power depart- 
ments of railroads do not get their share of the technical graduates is to 
be found in the fact that this department takes a smaller proportion 
of graduates in mechanical engineering than the maintenance of way 
department takes of the graduates in civil engineering. Basing a com- 
parison on the last two classes which have graduated from Purdue, but 
21 per cent of the mechanical engineers have entered motive power de- 
partments, while 55 per cent of the civil engineers have entered main- 
tenance of way departments. It may be argued that as compared with 
civil engineers, the mechanical engineers have presented to them a 
greater variety of opportunities and, hence, that a smaller percentage 
of the whole number follow any one pursuit. But I fancy that the prin- 
cipal reason is that the inducements offered him by the motive power 
departments are less than those which are offered by the maintenance of 
way department. 

Again, an examination of the pay rolls of railroad companies will 
show that the number of technical graduates of the apprentice grade in 
the motive power and car departments is not only relatively small, but 
actually so. On most western roads the number is less than one to each 
one thousand men employed, while many roads of considerable size have 
no technical men in training. 

These considerations, while briefly stated, constitute strong testi- 
mony favorable to the contention that railroads are not getting their 
share of the technical graduates for their motive power departments. 
There are other considerations which at first sight seem to lead to a 
contrary conclusion, but which when analyzed are in fact not antag- 
onistic to those already considered. To some of these attention may now 
be given. 

A Question of Ideals. — The ideal of the motive power depart- 
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ment discloses a two-fold purpose. On the one hand is the tech- 
nical work which is the basis of all design, of methods in repair 
and maintenance, and of all those means which are employed by 
the expert engineer to insure freedom from failure and economy in 
action. On the other hand are matters of operation, or, better perhaps, 
of administration, having to do with men, and with all of those matters 
which are essential in securing their prompt and harmonious action. 
The one is the work of the engineer, the other of the business man. 
While any motive power department must perform both of these func- 
tions, it may within limits emphasize one or the other, and evidence is 
not lacking" which shows a tendency in present practice to slight the 
technical and to emphasize the administrative. It can be shown that it 
is only on the larger systems that any considerable amount of expert 
work is asked or expected of the motive power department. Such work 
when necessary in the design of equipment or in framing the specifica- 
tions governing its construction, is in many cases offered by the supply 
houses and accepted by the railroad companies. When unusual improve- 
ments are to be made, outside expert help is called in. Upon many roads 
the motive power and car department makes no real pretense at being 
a technical department, it merely represents one phase of operation, in 
so far as the condition described applies, the fact must be recognized 
that the motive power department under these conditions presents no 
large field for the technical graduate. His place is rather with the rail- 
way supply houses which are in effect the engineering bureaus of the 
railroads. 

While it is undoubtedly true that the process which is responsible 
for the present practice has reduced costs, promoted standardization of 
equipment, and has proven in many ways highly beneficial to railroad 
companies, it may well be asked whether the provisions which serve 
for the work of today are likely to be suflftcient for the practice of to- 
morrow. It will be well to remember that just at present roads are en- 
joying the services of thousands of men who, by virtue of unusual 
qualities of character, have risen from the ranks of the mechanic to high 
positions of responsibility in the railroad service. But the process by 
which these men have been trained is likely to be less productive in the 
future than it has been in the past. The aspiring youth of thirty or 
forty years ago who then turned to the shop for his training, would 
unquestionably have attended a technical school had the advantages of 
tlie modern institute then been open to him. The corresponding man 
of today is in most cases to be found in college. Moreover, the con- 
ditions existing in the shop a generation ago were more favorable to the 
development of men than those which exist in the modern shop, while 
the demands which are to be made upon the ofllcial of the future are 
likely to be made more exacting than those which are made upon the 
oflScial of today. All this leads inevitably to the conclusion that no mo- 
tive power department should fail to have its group of technical grad- 
uates in training for its future work. 

One other condition which is sometimes urged as a reason for not 
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employing teclmlcal graduates is the difficulty which some roads allege 
to have in finding work for them after they have finished their special 
apprenticesliip. It has been said by the superintendents of motive power 
of several roads that they had college men who had finished their pro- 
bationary period, but no vacant offices to put them into. Obviously, so 
far as this may be a real difficulty, it constitutes an objection to the em- 
ployment of considerable numbers of technical graduates. But is the 
difficulty real? If the technical graduate is a good man, there should be 
profitable work ahead. If he is not a good man, he should not have been 
tolerated through his special apprenticeship. Think of it! Here stands 
the superintendent of motive power at the head of a corps* of several 
thousand men. He is responsible not only for its present efficiency, but 
for its development for future service as well. Down beside him is the 
college graduate who has served his time— one graduate and a thousand 
and perhaps fifteen hundred men who are not graduates. I am sure that 
no superintendent of motive power in this presence will wait for a 
vacancy before using the full strength of this young man. In looking 
over his organization, however strong it niay be, he will- see weak 
spots which ought not to be there; faults which may arise from 
the failure of a man, from the yielding of defective or of insuffi- 
cient material, from a lack of a definite understanding of related facts, 
and having found the thinnest and least defensible spot in his whole 
organization, he will put his young man into it, perhaps merely as a 
multiplication table to a foreman whose practical training makes him 
valuable but whose figures are bad, perhaps as an inspector of material, 
or as a student of failures in materials, but whatever the task, he will 
feel sure that if he chooses well, the young man will earn his salary, and 
will at the same time be in training for the larger responsibility when 
it comes. 

Notwithstanding the evidence to the contrary, therefore, are we not 
safe in believing that the motive power and car departments need the 
technical graduate? 

The Special Apprentice.— To the technical graduate the motive power 
and car departments of a railway offer two alternatives. He may enter 
the drafting room either in the capacity of a draftsman or with the ex- 
pectation of soon becoming one, or he may enter the service as a special 
apprentice. If the former, his course is the result of purely business 
propositions. He finds the work and the wage properly adjusted one to 
another, and there is nothing in the whole process which is peculiar or 
which in any way calls for extended discussion. He is a workman, is 
recognized as such, and his opportunities for bettering his condition are 
subject to many of the limitations which apply to workmen. 

The technical graduate who enters upon a special apprenticeship, by 
so doing announces that he intends to work for an official position on 
the road; and the company in accepting him, agrees to so train him that 
he may be worthy of such a position. In view of this compact, the special 
apprentice accepts a low wage, and the railway company undertakes to 
vary his task notwithstanding the fact that such a course limits for a 
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time the usefulness of the apprentice. On a very few large railway sys- 
tems the course for special apprenticeships has been worked out with 
care. Students in such courses are handled with intelligence and con- 
sideration, with the result that they are satisfied, while the road ac- 
complishes its full purpose in training men for its service. Most roads, 
however, undertake to receive special apprentices with no adequate un- 
derstanding of their responsibility in the matter. It often happens that 
injustice is done the special apprentice and that in the end the road fails 
in its efforts to make him a means of strengthening its organization. 
Moreover, the unhappy experiences of those who have been through the 
mill, or have attempted its passage, have had their influence on the 
undergraduate with the result that it is now more difllcult than formerly 
to interest graduates in a special apprenticeship. Such a condition is 
unnatural. It is unmerited by the technical graduate and is, I am sure, 
contrary to the real interest and desire of the management of our rail- 
roads. 

In view of this, I venture to outline some of the defects which, as 
they seem to me, sometimes appear in the administration of the special 
apprenticeship and, in some cases, to suggest a possible remedy. 

One defect is the low wage paid the special apprentice. He has 
depended upon others throughout his school and college course and has 
long looked forward to the time when he can begin to take care of him- 
self. He is willing to deny himself many things; he will be content with 
rough clothes and scant fare, but except in rare cases, he must have self- 
support. This is not given him, as a special apprentice, and the oppor- 
tunities of such an apprenticeship are, therefore, sealed against most 
graduates. It is only the man of means, or the man who is not very 
sensitive concerning the sacrifices which are being made for him at 
home, who can enter such a course. In effect, therefore, the railroad de- 
liberately closes its doors to the rank and file of the graduates in me- 
chanical engineering. 

Some roads have fallen into the habit of receiving technical grad- 
uates, ranking them as special apprentices, and of then undertaking to 
see how valuable they can be made to the road, without much regard 
for the rights of the graduate. By this arrangement it is possible to 
secure a man for twelve or fourteen cents an hour, who can run a lathe, 
make a drawing, summarize statistics, conduct an experimental investiga- 
tion, inspect material, report on defective equipment, test a locomotive, 
figure the bracing for a boiler, outline a scheme for motor-driving in an 
existing shop, install motors, or interview a division superintendent in 
behalf of his chief. When a road keeps such a man busy under the hard- • 
est sort of conditions, perhaps transferring him to a roundhouse or di- 
vision shop remote from the center of the road's activity, when he has 
no contact with men who can aid him and few opportunities to observe 
processes which can instruct, the attitude of the road toward him is 
lacking in that element of fairness which is essential to permanent suc- 
cess. An organization in which such things are possible is obviously not 
ready for a special apprenticeship. It needs more than other roads per- 
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haps, the technical graduate, but it has no right to accept him as a 
special apprentice. It ought rather to take its technical graduates as it 
takes other men, not for the purpose of training them, but for getting 
service from them, and having them, they should pay them what they 
earn. I am glad to say that there are some roads which are now fol- 
lowing this latter plan. 

Another defect in the present special apprentice course is the long 
continuance of a deadly parallel. By the present practice all men are 
treated, or at least paid, alike, usually throughout their course. While 
I am a great believer in the buoyancy of youth, I know that it takes 
exceptional qualities of character to inspire a man to unusual and 
long- continued effort when his companion who makes no such effort, re- 
ceives the same recognition as himself. I know that the diflBculties 
which, in a railroad organization arise with this objection, are great. 
Nevertheless, for best success the system must individualize the man 
before he reaches the age of twenty-five. This the special apprenticeship 
fails to do. To remedy this either the rate of pay should be varied during 
the last two years, or the formal course should be shortened. 

Again, underlying the special apprenticeship course as administered 
upon most railways, is a conception that the technical graduate must 
be made to overcome as many difllculties as possible. He is set to work 
with a gang of men unfriendly to his purpose and to him, he is often 
required to work under a foreman whose chief desire for the time being 
is to make him show a white feather. He is given the heaviest end of 
the lever and is required to keep lifting long after the necessity for 
effort has passed. As a rule, he does not complain, and it usually hap- 
pens that the men who were factors in making his lot hard are among 
the first to start a song in his praise. But even though the process seems 
to work out successfully, it may not be wise. When one's task is made 
hard merely for the purpose of opposing him, there is something wrong. 
When the same form of opposition is many times repeated, when the 
apprentice is changed from one gang to another, from shop to roundhouse, 
and from roundhouse to special investigation, always in the attitude of 
defense, the process ceases to be disciplinary and uplifting. It tends to 
dwarf the man rather than to draw him out. Manufacturers in dealing 
with the same matter, have learned to handle it in a much more satis- 
factory way, their plan being to give the technical graduate ofllcial rec- 
ognition from the beginning. 

I am sure that no one will accuse me of desiring simple ease for 
the technical graduate. My plea is not that their task be light, but that 
'they be given such reasonable opportunity as will make their position 
attractive to the average man. In urging this plea, I assume that I am 
serving the railroad companies quite as much as the technical graduate. 
Finally, as opposed to much of the criticism which I have urged, it 
is sometimes said that even though the work of the special apprentice 
is unremunerative and difficult, his reward is sure and in the end suffi- 
cient. But is this true? I know that popular sentiment or fancy lends 
a halo of brightness to the official position of the railroad, but the time 



The Technical Graduate 209 

has long since passed when sentiment could be made an important factor 
in a business contract. Is it true that the degree of official recognition 
which awaits the average technical graduate in the railroad service is 
greater than that which awaits him in the service of corporations of 
other sorts, and if it is not true, is it good policy on the part of the 
railroad corporation to make its early work less attractive than that of 
other corporations? 
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Age and Sebvice- Sheet of 63 Seniors in the Department of Mechan- 
ical Engineering of Purdue TJNivERSiTr.— In obtaining the facts which are 
given below, slips of paper were distributed to all members of the class, 
with the request that they give thereon their name, their age upon 
graduation, their business experience, if any, and the total period for 
which service had been rendered for pay. Business experience was de- 
fined as regular service for which pay at a stated rate had been received. 
In making up information thus obtained for presentation herewith, 
names have been omitted and the description of the nature of work done 
has been greatly abridged. Accuracy cannot be vouched for, but it is 
fair to assume that the statements are substantially correct. The total 
number, 63, is nearly, though not quite, the full enrollment of the grad- 
uating class in Mechanical Engineering. It represents the full number 
who were present at the time the information was called for. The 
statement is as follows: 

Total service. 
1— Age 22. Machinist, B. R. ft P. R. R., and for Rochester 

Electric Motor Company , .3 yrs. 9 mo. 

2— Age 24. Machinist, teaching and farming 2 yrs. 9 mo. 

3— Age 22. Farming 10 mo. 

4— Age 20. With C, M. ft St. P. R. R. as chainman and 

stakesman, I^aftsman American Bridge Co... 6 mo. 

5— Age 24. Drafting for Union Switch ft Signal Co., clerk In 

county auditor's office and in bank .1 yr. 6 mo. 

6— Age 26. Apprentice and Journeyman machinist, office as- 
sistant, stock-room keeper 8 yrs. 

7— Age 20. Running engine and general work for Chas. W. 

Brizius ft Co 1 yr. 

8 — Age 25. Teacher, machinist, draftsman for the Ohio 

Brass Co. and for the N. C. ft St. L. Ry 1 yr. 6 mo. 

9— Age 23. Machinist, Gorwell Apparatus Co 3 mo. 

10— Age 22. Bookkeeper, Mundle Bros., R. H. LeBlonde, Amer- 
ican Tool Co., Virginia Hotel 3 yrs. 4 mo. 

11— Age 22. Toolmaker, American Tool Works Co. and the 

Wm. Beson ft Co 1 yr. 6 mo. 

12 — Age 20. Machinist, draftsman and tracer 7 mo. 

13— Age 24 None. 
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Total Service. 
li—Age 22. Wood-working, Estey Mfg. Co., machine shop 

Owosso Sugar Co 1 y r. 9 mo. 

15— Age 23. Machinist apprentice and Journeyman 6 yrs. 

16— Age 23. Surveying, drafting for C, B. ft Q. R. R. and 

concrete work for National Bridge Co 10 mo. 

17— Age 23. In Pullman machine shops 3 mo. 

18— Age 27. Bookkeeper and salesman, wholesale grocery, 
storekeeper and master mechanic's clerk and 
draftsman Union Iron Works, foreman with 
U. I. W 6 yrs. 9 mo. 

19— Age 20. Machine hand in wagon shop 9 mo. 

20— Age 22. Bookkeeper and time clerk for general con- 
tractor lyr. 2 mo. 

21— Age 25. Wagon-making, bookkeeping, machinist and 

draftsman for Telephone Co 2 yrs. 11 mo. 

22— Age 23. Telegrapher, shop work, test work 3 mo. 

23— Age 22. Machinist for A. L. Ide & Son 3 mo. 

24— Age 22. Drop Forge Co 5 mo. 

25 — ^Age 23. Foundry work. Brown & Ketcham 2 mo. 

26— Age 21. Machinist, P., F. W. & C. R. R. and in erecting 

shop 9 mo. 

27— Age 22. Draftsman for Alfree Engine Co 3 mo. 

28— Age 25. B. & O. R. R. shops 2 mo. 

29— Age 24. In hardware store, wood-working for Columbia 

School Supply Co .8 yrs. 

30— Age 24. Draftsman, Monon shops, clerk in mercantile 

house 3 yrs. 9 mo. 

31— Age 22. Machinist, P., F. W. & C. R R., engineer, fire- 
man on steamer, conductor for Electric Ry. 
Co 6 mo. 

32— Age 23. Grocery store, machine dept. of M. C. R. R 2 yrs. 

33— Age 26. Purchasing dept. American Tool Works Co., full 

apprenticeship with Laidlaw-Dunn-Gordon Co.. 4 yrs. 6 mo. 

34— Age 25. Machine apprentice, Chicago & N. W. Ry., ma- 
chinist, G. & G. N. Ry., draftsman, C. R. R 
and for N. Y. Central Ry 3 yrs. 6 mo. 

35 — ^Age 22. Machinist, engineers' asst. and toolmaker 1 yr. 3 mo. 

36— Age 22. In air-brake room of Mo., Kans. & Texas, clerk 

office real estate and insurance 2 yrs. 3 mo. 

37— Age 22. Testing, office work, carpenter work and farmingl yr. 10 mo. 

38— Age 21. Architect's office, automobile mechanic and clerk 

in bicycle business 1 yr. 8 mo. 

39— Age 23. Draftsman and with Muncie Gas Engine ft Sup- 
ply Co 6 mo. 

40— Age 23. Draftsman, repairing, assembling, erecting and 

shop work 2 yrs. 3 mo. 
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Total Service. 
41— Age 25. Machinist for J. B. Alfree Engine Co., apprentice 

B. ^ O. erecting sUop .5 mo. 

42— Age 22. For S. Pacific R. R. ,sliops of Norfolk & Western, 

Virginia Bridge Works 3 mo. 

43— Age 21. Erecting Floor American Bridge Co., Machinist 

Sterling Co 2yrs. 1 mo. 

44— Age 24. Mechanical Dept. Western Steel Car & Foundry Co.l yr. 

45— Age 24. Sterling Electric Co 3 mo. 

46— Age 22. Machinist apprentice and machinist Rodman St. 

Ry., Carnegie Steel Co 3yrs. 4 mo. 

47— Age 27. General contractor, apprentice and journeyman 
in tailoring shop, bookkeeper, school teacher, 
coal mines 7 yrs. 8 mo.N 

48— Age 20. General work on ranch and machine work, 

Stirling 8 mo. 

49— Age 25. Machine shop 4 yrs. 

50— Age 24. Apprentice in manufacturing plant and Deans 

Pump Works 6 mo. 

51— Age 23. Lake Shore Shop and Drop Forge Co 6 yrs. 10 mo. 

52 — Age 25. Draftsman Baldwin Locomotive Works and 
American Hoist & Derrick Co., engine and 
electrical design 3 yrs. 6 mo. 

53— Age 21. In a foundry 3 mo. 

54— Age 23. Shop work • 6 mo. 

55— Age 20. Drafting for different firms 1 yr. 3 mo. 

56 — Age 20. Collector and work in laboratory of Illinois 

Steel Co 2 yrs. 3 mo. 

57— Age 21 None. 

58— Age 25. Draftsman Dodge Manufacturing Company and 

in patent ofllce 4 yrs. 4 mo. 

59— Age 29. Treasurer's ofllce, Denver, Surgical Supply 
House, Engineer Department City of Denver, 
Operating Department for Chief Engineer 
Colo. & Ry 9 yrs. 5 mo. 

60— Age 24. Paper Co., plumber apprentice, wholesale hard- 
ware and for different factories 4 yrs. 7 mo. 

61— Age 22. Shop work 1 yr. 

62 — Age 25. Bookkeeping and business for self 5 yrs. 

63— Age 24. Machinist Kingan & Co., Atlas Engine Works, 

Dean Pump Works 7 yrs. 

Average 22 2 yrs. 2 mo. 
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The Chaibman: Gentlemen, the paper is before you for discussion. 
We have one or two written discussions, which the secretary will read. 

George Welsby Scott (Communicated): In his paper Professor 
Goss has graphically described what may be termed the formation, growth 
and development of the technical graduate. The paper is an analysis, as 
it were, of the student's career and it tells us much that is profoundly 
interesting and instructive because of the many sided phases of the sub- 
ject presented to us by the Professor. 

No one can read the paper without being deeply impressed -with the 
rigorous character of the process to which the student is subjected. And 
as Professor Goss so clearly tells us, the student, in the final analysis, 
presents an object lesson of one who has been persistent, active and 
unswerving in the pursuit of knowledge, and one who, at the last, is an 
Illustration of the survival of the fittest, the weaker, incompetent, and 
unfit ones having been dropped, or passed, on the way. 

We are also told that the average age of the graduate is 22, and that 
he *'Has good health, a good frame, and some muscle." Along with this, 
we may assume, is the possession of a trained mind and the ability to 
think, and to think along definite lines to an equally definite end. 

Qualities like these would appear to be of especial value to the mo- 
tive department of a railroad; and yet according to Professor Goss, the 
larger portion of the graduates are to be found in the service of manu- 
facturers and supply houses. That there is need in the motive power 
and car departments for this combination of physical and intellectual 
qualities must be conceded; but the need is not the only governing factor 
in this consideration, and due value must then be accorded other features, 
not the least of which is the purely personal one of the individuality of 
the student and the personnel of the existing organization which he seeks 
to enter. 

College life is a world of its own. It is a life into which the student 
enters with profound respect, and from which he emerges with a diploma 
and a measurable degree of assurance as to his having ^acquired a 
knowledge of all that is contained in his particular study. It would be 
strange, indeed, if things were very different in this respect. For has 
not the student passed his examinations? And In his later years has 
he not stood superior in attainments to his younger fellows? And is it 
not a fact that throughout his college life he has been excluded from 
the shocks and jars incidental to business life and its stern necessities? 

The situation, then, is pretty much one in which the student, strong 
in his conviction of the possession of knowledge, and, it may be, with a 
half expressed intimation of his superiority to the common order of 
things, discovers that master car builders and superintendents of motive 
power are not usually made in a day, or upon a mere application. He 
finds that there is usually much routine to be observed and a long course 
to be pursued. 

The graduate may, or may not, realize all this in full, but he early 
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recognizes the fact of a perceptible barrier. The world, for a time, seems 
less kindly than before. Those to whom his application is addressed do 
not seem to accord to him his own measure of his own fitness. They 
do not enthuse as one might be expected to do in the finding of a par- 
ticularly bright diamond or a nugget of gold large in dimensions. On 
the contrary, they coldly ask him what experience he has had; and to 
this he may reply: "Why, of course, I had the shop experience at X. Y. Z. 
University, and I made the drawings for the shop lathe and planned the 
power plant.'* Asked further, "But what practical experience have you 
had in locomotive or car work?'* and he will probably reply: "While I 
have never been concerned with these things in actual shop work, yet I 
feel confident that I can take care of the situation.'* 

The foregoing is surely no exaggeration, for it is a common experi- 
ence with those having to do with such matters. Usually the graduate, 
if engaged at all, is given a position fairly well down the line, and the 
future is before him. In course of time he realizes the importance of 
actual experience; and with this awakening is a marked softening with 
respect to his earlier claims and assumptions, and later on he becomes 
the strong, capable one that he deserves to be. 

As we have seen, however, the larger portion of the graduates find 
place with manufacturers and supply houses, and I am inclined to think 
that this is not so much a matter of selection as it is an expression of 
movement along the line of least resistance. Railroad corporations and 
their organizations are, as popularly supposed, things of slow move- 
ment, and much given to a retention of existing processes and pro- 
cedure. On the other hand, supply houses are more ephemeral, versatile, 
and ever ready to change methods and tactics. Moreover, the personnel 
of a railroad is well nigh infinite compared with the few people asso- 
ciated with the average individual supply house. 

The student thus discovers— either directly, or indirectly— that the 
railroad does not offer the immediate field for his activities which is 
afforded by the manufacturing and supply business. He further learns, 
or is led to believe, that in the matter of remuneration for his services 
the advantage appears to be in favor of the supply business. Some 
there are who are proof against the seemingly discouraging prospect on 
the one hand and the alluring activity and monetary consideration on 
the other, and the passing of events show the wisdom of such step in 
not a few instances. 

It would seem, then, that the employment of the technically educated 
is a matter that is subject to much the same influences governing the 
selection of employes in other walks of life. For it is not so much a 
matter of being technically educated or learnedly competent as it is 
whether this or that one wishes to engage the aspiring graduate. Given 
an administration in which the executive is one who by his own ability, 
or by his knowledge, is in a position to judge of the unending com- 
mercial advantages of having those about him and with him technically 
trained, and the chances are that the educated ones will be in evidence 
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all along the line. Similarly, if the executive is one who by nature and 
disposition fails to appreciate the sterling advantages of a well organized 
band of trained minds and activities, it is not likely that the grraduate 
would be favorably received or encouraged. 

However, the situation at the worst is not altogether hopeless, for even 
in the case of those who do not take advantage of the light of learning 
and ability there comes a day when failing to take the initiative they 
must, perforce, adopt some of the measures of their more sagacious and 
able compeers or else become numbered with the incompetent and un- 
progressiye. Meanwhile, the graduate will learn to modify his expression 
of assumed knowledge and superiority; he will be taught that all that he 
can possibly learn at college is but rudimentary to the larger life be- 
yond, and that until he has fortified his acquirements with realities and 
experiences, he is still a student. 

L. P. BsECKENBiDOE (Profcssor of Mechanical Engineering, University 
of Illinois) : I have carefully read the paper presented by Professor 
Goss. The subject is one on which I have felt the need of a paper for 
some time. I am glad I did not undertake to prepare one, because it has 
been much better done by Professor Goss than it would have been by me. 

I wish to heartily concur in what has been said. I wish to emphasize 
the statement made that *'the technical graduate is a winnowed product." 
He is capable of doing more things and doing them better than he is 
sometimes given credit for. 

Students in mechanical engineering about to graduate are continually 
asking advice as to what they had best do, and I am frequently asked: 
**What are the opportunities in railway work?'* In reply I am bound 
to say, from an experience of twenty years, about as follows: 

(a) The pay offered by the railroads is not as much as that offered 
elsewhere; (b) the chances for advance in pay and position are not as 
many as elsewhere; (c) very few roads will make any definite prepo- 
sition as to opportunities beyond the term of special apprentice; (d) I 
have in mind several good men that stuck to the special apprentice work 
through three years; at the end of that time they were offered places 
worth only $75.00 to $90.00 per month— no more than men of their grade 
are offered at the time of graduation by manufacturing interests. 

During the last few years the positions offered in the various manu- 
facturing industries, together with the better pay offered, have caused 
the best men to seek employment there. I hope the railroads will not 
judge the product of the technical school by the men they have been 
able to get during these years of better times. 

The practice of numerous progressive engineering and manufactur- 
ing companies of visiting the leading engineering schools in order to 
inspect the yearly supply of graduates is very suggestive. Why not 
inspect the brains you purchase, as well as the boiler plate and other 
supplies? 
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There seems to be a tendency on the part of the roads to undertake 
more and more the design, and construction of their equipment If this 
should ever become at all general, it would open up a large field for 
mechanical engineering graduates. 

The Chairman: Gentlemen, we would like to hear from you on this 
subject. Mr. Seley will you open this discussion? 

Mr. Seley: I have been very much interested in Prof. Goss' paper 
and believe that the time is coming for a greater utilization of the col- 
lege graduate. There is no question but that the methods in the shops 
as regards the advantages for ordinary apprentices are such that we 
are not turning out nowadays mechanics that are comparable to the 
old time all-around mechanic. We used to be able to have men that we 
could put anj^where in the shop, the machine shop, or erecting shop, or 
wherever needed, and they could do their work. To-day we have gone 
more to specializing, and although we take apprentices and put them 
through the shops they do not have the advantages that the men used 
to, and for that reason there is no material in any one man in the shop 
from which to select men for advancement as in the old times. It is 
getting more diflftcult all the time to get foremen and men for the ad- 
vanced positions on the railroads, even for the highest offices. When 
we hear of a vacancy at the head of the Motive Power Department of a 
great road in the country, how many men are there available for that 
position that can handle it at once? And the same all the way down the 
line. I think that the technical graduate is the man who will, in years 
to come, be more and more employed in motive power work in the ad- 
vanced positions. I cannot see it otherwise. 

The Professor has drawn rather a hard picture of the lot of the 
technical graduate to-day. I have no doubt that it is true in some cases, 
but I believe that st$ the necessity for technical training finally works 
itself into the inner consciousness of our railroad managements, as they 
finally realize the quality of the men that they are turning out in their 
shops for the advanced positions, and all that, that the technical graduate 
will be able to find work on the railroads without the difficulties which 
hamper them at the present time. 

So far as I am concerned, personally, I did not have the advantage 
of a college education, and it has caused me a vast amount of work, 
anxiety and trouble at times to satisfy myself absolutely that I was 
right. Very often we want to make a calculation, and if we have not 
had the training in higher mathematics, we must use a hand book formula 
which may or may not be correct. The college man, if he remembers his 
college training, can derive that formula himself, and he will have the 
confidence behind him of doing his work correctly. 

There is no doubt that a great many college men think that they 
know a great deal more than they actually do. I think that is true of 
youth generally. I know that I looked up some things that I wrote when 
I was twenty years younger than I am, and I wondered now what I could 
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have been thinking of when I wrote them, and I imagine that the college 
boy when he turns out his first work tliinks it is pretty good. I had to 
walk six miles at night to get my mechanical drawing, and I worked 
awfully hard to get it. When I had the chance to go to work in a 
drawing office, I made drawings that were used under some difficulties, 
but I remember very well that after I had been there two months, I looked 
up that drawing and tore it up; I did not want to have it in evidence. 
We learn how to do things and we learn how to train our minds, and ive 
learn a lot of that work in schools and colleges, but we have got to learn 
actually how to do the work in the shop and in the office, and college 
training is no detriment to us; it is a mighty good thing to have, but it 
depends very largely on the individual. 

I had the pleasure of attending a dinner in company with sixteen 
men, about half of them were successful railroad men, the other half 
were successful supply men, and about one-half of each half were college 
men, and the others were not, and every man had to tell his experience. 
The consensus of opinion, after the experiences had all been told, seemed 
to be that it depended upon the individual. That if a man was a fool, 
college education would not save him, but if he was a bright fellow, 
he would be all the better off for his college education. 

Mb. G. L. Wilson (F. Cortez Wilson & Co., Chicago) : Prof. Goss has 
raised one question in particular which I think ought to be answered in 
a way. "Why does a larger percentage of the civil than mechanical en- 
gineers go into railroad service?" To my mind the reason is that the 
civil engineer does not have so many openings outside the railroad 
service as do the mechanical men. The civil engineer if he wishes to go 
into business, is pretty nearly limited to certain classes of contract and 
structural work, and if he does not go into that, he takes up certain 
classes of definite engineering work, therefore his lijje of least resistance 
leads to the civil engineering part of railroad work or maintenance of 
way. 

I have told a great many young fellows looking for a start in the 
railroad business— I only touch it on the edge, but meet a lot of them— 
that if I was bound to go into the railroad business and could not get 
in anywhere else, if I could find a decent section foreman somewhere 
I would start on the section, simply because a reasonably bright fellow 
can push ahead faster there than he can anywhere else, as he will 
"shine" on account of his surroundings, and he will sooner arrive at a 
place where he really will be in charge of something. If he knows what 
he can do, if it is in him, it will come out very much faster there than 
anywhere else. 

Perhaps the special apprentice is not appreciated by the average man 
in charge of work— that is the same in other places as it is in railroad 
service. I think from some investigations I made some years ago, that in 
part it is because the average technical school— if such a thing is not a 
bull— gives an undue amount of emphasis to the technical phase of the 
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student's course. He is taught throughout hit technical course to ignore 
the administrative and business end of his coming vocation. 

A good many years ago a young man with whom I corresponded 
and who has since made a great success in his line, was at Cornell. I 
was at that time interested in what might be called a scientific investi- 
gation of the subject of costs — the cost of production. It iS a subject 
which has received much attention and is becoming more carefully 
analyzed every year, it is commanding the attention of good specialists 
at this time, but I asked him what text books, if any, were used at 
CJomell, in any of the engineering courses relating particularly to this 
question of costs. He wrote that they had none. I asked him to kindly 
take it up with the professors in the different departments and ask what 
they knew about text books, or articles, or anything about costs, which 
might be in the library. He became interested, went to the professors, 
librarians and various other people, but his search was fruitless; there 
was nothing available at Cornell relating particularly to costs, and his 
letter to this effect concluded with the statement that they regarded this 
as a purely collateral subject which would develop as a man got into 
his work. Well, that is what is the matter with costs; people have been 
going along, waiting for the subject to develop, and the average concern 
goes broke while it develops, unless it is developed as carefully as any 
other phase of the business. I replied to this young man that it seemed 
to me that if the students were there for anything, they were there 
for the purpose of acquiring technical information. They were there for 
the definite purpose of learning to do things more quickly, or better, or 
in some other way advantageously, and the net result must be com- 
puted in dollars and cents. They were in no sense idealists, they were 
there to produce earnings all the time, and if an employer taking the 
technical graduate into his institution could hot feel that he was taking 
a step in the direction of better earnings he would stick to the man who 
has had some training in the administrative part of the business, perhaps 
with somewhat less technical training. When technical service is 
needed he will send outside for a specialist and pay for him. I believe 
that is largely what is the matter with the technical graduate. It is 
possible that some colleges have taken a forward step from the position 
just indicated as this was some years ago, but I do not believe they 
have gbne as far along that particular line of administration as they 
ought. I do not mean to exhaust the subject, I mean to Indicate to these 
students as they are acquiring elementary technical information, the 
necessity for the elementary capacity to reduce that to concrete shape, 
and to figure out when they are done, in dollars and cents, just exactly 
where they stand. That, to my mind, is the great thing that the average 
technical graduate must acquire. He has gone so far along this other 
road, regarding matters that he has to deal with simply as things, that 
he does not realize the definite connection between those things and the 
net result at which he has to arrive, which is "how does It figure out 
on the cost sheet,*' that is all there is to it, the net result. 
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Prof. Gobs has drawn, perhaps, an unfair distinction here between the 
technical graduate and the fellow who has acquired a certain amount of 
information, but did not graduate. Unfortunately for me, I was one of 
those who did not secure the technical college education, but on leaving 
High School avoided some pretty good Jobs that were offered, went to 
work as an apprentice in a machine shop, and studied nii^ts. It k^t 
me out of mischief, which was no doubt a good thing for me. There are 
a great many men who have dor.e the same thing and they have acquired 
a considerable amount of technical education, the kind they need in their 
business, and a whole lot of rubbish they do not need, that is, it looks 
like rubbish on the surface, because each goes along the wrong line for 
a long time before he quits, still those men work right along with the 
college graduates. 

If you will watch them, the special apprentices do not receive any 
treatment dlffereiit from the other apprentices. Any boy who starts in 
a shop, office, or store, has the hard knocks just the same; if he starts 
on a pick-up wagon for a wholesale house here in Chicago, he *'gets it" 
worse than any special apprentice in a railroad shop. If he starts out 
as an ordinary apprentice in any shop, he **gets it" all the way through, 
and this brings up another point in which the colleges fail. It is not 
so much the technical education which a man acquires that will be the 
determining factor in his success, as those other elements which have 
to do with success, whether he be a salesman or in any other calling 
that has to do with men. There are just two things that a man must 
have developed to a point where they will really do some gooidt, make 
him noticeable and give him persuasive qualities when dealing with 
others. 

One thing, of course, is health, and the man who can go through a 
technical college to-day has it, as a rule. The other is character. Does 
the average college aim, as definitely as it should, to develop that part 
of a man's makeup, that is, the individual personal character? I mean 
all these things which go to make a man all the way through, all the 
time, the things that make him a power, that is character. It is a big 
word, it takes in many things, you cannot analyze it very much, but 
too many of our technical graduates have to develop true character after 
they are out and begin to get these hard knocks. It is the hard knocks 
which have developed the character of many of them, exactly aS those 
knocks have developed the rest of us. The fellow who has character 
will rise above these petty annoyances and put the men who have 
attempted to block his way in such a position that they cannot but ad- 
mire him and change from a position of enmity into one of a<!tive sup- 
port, even though their support may help to carry this man to a position 
over their own heads. Therefore there cannot be too thoroughly in- 
stilled into the minds of these technical graduates just two things, the 
relation of character to their ultimate success and the relation of their 
technical training to concrete results in dollars and cents. These two 
matters are not mentioned in Prof. Goss' paper and as the report of this 
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discussion is likely to have more or less circulation among the young 
men who are particularly considered in this paper it seems desirable 
that they receive at least passing consideration. 

Mb. Fobstth: Mr. Chairman, this subject has been discussed by 
our railroad clubs before, and by technical papers, but I do not ttiink 
it has ever been presented In such a masterly way as it Is In this paper 
to-day, and I think it is unfortunate that the Western Railway Club 
has not held more of Its members here and that we have not had a 
larger attendance to hear the proper discussion, or at leasts to show 
their appreciation of this very important subject. 

Professor Go^ has an Intimate acquaintance with these men, he has 
followed them through their college course and he has followed them 
afterwards in their business career, and he Is in a position to give us a 
thorough account of them, as he has in the paper, but the principal 
question is, after they have graduated, what to do with them, and what 
shall the railroads do with them? 

It is a disappointment and it Is a surprise to find the state- 
ment In the paper here that perhaps only one of a thousand of 
the men employed in the machinery department of the railroads is a 
technical man. The causes for this have been given in the paper as 
low wages, one of the principal things, and another that the graduate is 
not given a reasonable opportunity and the position is not made at- 
tractive. Now, the cause of that, I believe, is in this so-called special 
apprentice course; that Is one of the causes, that it ends at the close of 
three years and does not follow out the scheme, to find some use to 
make of this man, after he has had a technical education, after they 
have gone to the trouble of giving him a practical education, then there 
is no place outlined for his future career. That is largely the. fault of 
the operating officers and a part of our railroad organizations and motive 
power men, or master mechanics, have not taken enough interest in fol- 
lowing out this course. Prof. Goss says, the course as it is now would 
better be abandoned and let the man enter railroad service the same as 
any other workman and on his own merit, rather than under the present 
method of hiring him for three years at low wages and then let him 
drift into some other kind of work. What I have to suggest has been 
used on some roads, but not very generally, to have the positions of as- 
sistant foreman and of assistant master mechanics and assistant shop 
superintendents and positions of that kind where these men, after they 
have had their three years' training as mechanics, can get some experi- 
ence In the management of men and thus be In training for higher posi- 
tions, which they could better fill after having filled such subordinate 
positions, and where the salary and importance of the position will be so 
attractive as to retain them in the service. 

In regard to the teaching of costs and estimates in schools, I think 
that the technical schools at present are, if anything, too technical, and 
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it would be unfortunate if they were made commercial. There are plenty 
of commercial schools, and the training that we want at college is that 
of mental application and of steady training of the mind, where the 
commercial element certainly should be avoided. That comes soon 
enough in after life, and can be taught in a pretty short time, but I think 
it would be unfortunate if the technical schools were to spend very much 
time on commercial training. They take up political economy and con- 
tracts and things of that kind, but as to figuring costs, I do not see that 
it has much place in the technical college. 

E. H. Symington (Railway Appliances Co.) : I want to say a word 
for special apprentices, for the simple reason that I have been through 
that mill and know what sort of row they have to hoe. I grant to this 
gentleman on my left that when a man gets out of High School, or from 
whatever he graduates that the very first thing he gets when he starts 
to work will be some hard bumps, and if he could get those bumps in ad- 
vance, he would be of a great deal more use to railroads at the outset 
of his career. What I want to bring out is the fact that there is no 
question but that the railroads, like the large manufacturing interests of 
to-day in our country are going ahead, and the sucess of this country, 
in trade and everything else that is done, is based largely on the standard 
and the ability of the men who are doing the work of the varied in- 
dustries in the country. A man does not have to be in railroad work 
very long before he appreciates the fact that there is a great deal to be 
accomplished in every line that he tackles and he becomes acquainted 
with the fact at once that what is needed everywhere are men of char- 
acter and ability who can manage men and be organizers. 

A great thing in favor of the technical graduate is simply tliis, that 
he has been taught application, he has a good fund of knowledge and if he 
has both feet square on the earth, the chances are that, other things being 
equal, he will go ahead and be of still greater use. However, if you 
take a good, bright mechanic who is ii^dustrious and has an ordinary 
education and put him at the bench in the shop with the technical grad- 
uate, who has an idea that because he is a technical graduate, he can 
do everything better than the mechanic, the mechanic is going to win 
out every time. The great thing from the standpoint of the technical 
graduate, as far as his ultimate usefulness is concerned, is that he learns 
and acquires a knowledge of men and of human nature, and there is no 
question but that our great men of to-day and the great men of the 
past have been men who have had a thorough knowledge of men and 
men's work, and the only reason that the technical graduate has an ad- 
vantage over the other fellow is because his brain is trained and he has 
adaptability and knows how to apply himself to new and concrete prob- 
lems when they arise, besides having a thorough knowledge of men. 

G. A. Damon (Arnold Electric Power Station Co.) : The discussion 
of Prof. Goss' very interesting and timely paper has thus far been de- 
voted largely to analyzing the qualifications of the technical graduate, 
but it seems to me that a very good opportunity is offered to discuss the 
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other side of the case, that is, to' analyze the man who uses the technical 
graduate. 

That "a great deal depends upon the man'* is as true of the man 
who desires to get the best there is out of a technical organization as 
when applied to the technical men themselves. If an organization has 
at its head a man who thoroughly appreciates the value of technical 
graduates,^ then we have a fortunate combination which will result in 
developing the young technical graduate into a good all-round man. 

The process of producing a thoroughly competent man, trained in 
practical work, and at the same time equipped with a technical educa- 
tion is a long one, which has only begun by the time a man completes his 
college education. To his college course should be added a comprehensive 
experience, and one of the weak spots of our present method of train- 
ing men is that we have not yet developed a definite policy in connection 
with giving the technical graduate the practical experience which he 
should have. 

In the course of my work in Qonnection with the electrical equipment 
of railroad shops, I have had occasion to become acquainted with a 
number of technical graduates employed by various motive power de- 
partments, and therefore 1 know something of the troubles these young 
men have experienced in getting to the front. A number of them have 
dropped out, but this does not indicate that they were failures because 
they immediately found positions in which they were better appreciated, 
and were given a better chance to show what they ceuld do. This means 
that the manufacturing companies are realizing the value of the technical 
graduate, and are giving him every opportunity of developing himself, 
and thus raising his value. 

I believe that the technical man of the future will get as much as- 
sistance in laying out his course of practical work from men who are 
capable of advising him as is now given the college student in selecting 
his technical studies, and I am thoroughly in sympathy with any move- 
ment which will result in outlining some comprehensive system which 
the technical student will not only be expected to follow, but will have 
a right to expect in getting hold of the practical part of the business. 

F. Von Schlegell: As a technical graduate I want to protest against 
the theory that a technical man has to be fed with a spoon. The im- 
portant things which a technical graduate has to learn is the practical 
methods of construction, and how to deal with men. 

The trouble with the special apprentice is the word "special," and 
the assumption that he is to have a better position than the others, and 
that he is not in competition with the men who are there to make a living, 
but that he has merely to learn how the machines are made and run. 
I think he would complete his development quicker- by starting out to 
make his own living at once, for there will always be a difference be- 
tween the men who look at work as a school or luxury, and the men 
who find it a necessity. Furthermore, many of them feel that it is more 
important to acquire a certain skill than to learn the advantages and cost 
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of different methods. The reason that there are so few technical grad- 
uates in the mechanical department of railroads is that there is very 
little of the technical or mathematical part of railroad work which cannot 
be learned by a practical man from his formulas, as well as a technical 
man will be able to supply them if he ever gets to the point where he 
will be able to use them. The practical man has a further advantage of 
being able to supply correct data. Railroading probably attracts Civil 
Engineers rather than mechanical, for the reason that they see an open- 
ing requiring technical training either in the drafting department or the 
field where they will soon be able to earn a salary in the line of work 
they prepared for. 

When a graduate in mechanical engineering enters the mechanical 
department of the railroad he should do so as a man in competition with 
other men and form his own ideas of what he wants to learn, for he 
surely must have some ambitions for the field after having chosen it, 
and studied for four years, and what he wants is to get a chance at the 
ladder, and it should not be necessai-y for any one to lead him clear to 
the top. 

The Chairman: Gentlemen, this is a very interesting subject and 
we are having a good discussion. I would like to hear from others. If 
there is no further discussion, I will ask Prof. Goss to close. 

Pbof. Goss: I think I agi-ee with most that has been said in the 
discussion of my paper. 

I realize that in putting the technical graduate on a pedestal and 
offering him to you as a fair mark to draw the fire of the Western Rail- 
way Club, I place him at some disadvantage. I imagine that if anyone 
in this audience were set upon such a pedestal that we would not all 
be entirely satisfied with him, and yet I know the fact to be that all 
here are very able and excellent gentlemen 

The technical graduate is not a perfect man in every particular. I 
have not claimed that he is perfect. I merely say that he is a man, that 
he knows a few things, that he possesses some experience and a great 
deal of that quality which has been spoken of as character. I have no 
plea to make in behalf of the technical graduate. I do not think that 
he is in especial need, but I present an argument tending to show that 
a great branch of the railroad service is not getting as many technical 
men as it ought to have, and have- endeavored to show the reason for it. 

I wish it to be understood that I have no objection to the things 
which you give the special apprentice to do, provided he is paid for 
doing them. I do object to a system which assumes that a large portion 
of the return he is to have for his time is to be in variety of experience, 
and then withholds the variety. 

It is a mistake to assume that the college is for the purpose of 
training men to do a large amount of applied work. The college training 
deals with broad principles, not with detail. There are five hundred 
things which might be taught in college which are not given a place 
there. Not because they are not good, but because for the purpose in 
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hand, other things are better. Consequently, there are many things that 
the college graduate does not know, but if given a chance, he will find 
them out 

In conclusion, I must add a word of caution. There are many men 
about me in this audience who have not had the advantage of a technical 
training, and who are nevertheless leading a life of professional success 
which equAls and perhaps exceeds that of many college graduates. But 
they do this, not because the omission of the college has helped them, 
but because they are exceptional men. Some men can not be downed, 
and whether they are helped or opposed, whether they are trained in 
school, or denied its advantages, they attain and make use of their at- 
tainments, and so grow in the fullest and largest sense in which that 
term is used. Many men of this class have made themselves men of 
education even though they may never have seen the inside of a college. 
But they have done this because they are men of exceptional qualities 
of character. It is not the fact that they have remained out of college 
that has made them great. 

Adjourned. "^ ' '''flTiTl H 
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The David L. Barnes Library 



Special Notice. 

The David L. Barnes Library of this Club, at 1750 the Monadnock, Chicago, 
is open for the use of members and their friends, and we hope it will be used 
freely. It is open on week days from 9 a. m. to 5.30 p. m., except on Saturday, 
until 3 p. m. Books must not be removed from Library, but the Librarian 
will assist visitors in finding information and will promptly reply to letters from 
out-of-town members desiring information from the Library. Donations of books 
and technical publications will be gratefully received. 

Trustees of the Library. 
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The regular meeting of the Western Railway Club was held at 
the Auditorium Hotel on Tuesday, April 19, 1904, Mr. Le Grand Parish, 
vice-president, in the chair. The meeting was called to order at 2 p. m. 

Among those present, the following were registered: 



Atkinson, G. W. P. 
Ault, C. B. 
Averill, E. A. 
Ball, H. F. 
Barnum, M. K. 
Bennett, F. F. 
Bentley, H. T. 
Bickel, ^. M. 
Bischoff, G. A. 
Brandt, F. W. 
Brenneman, H. N. 
Brooke, G. D. 
Brooks, P. R. 
Carney, J. A. 
Clark, F. H. 
Cooke, W. J. 
Coke, W. J. 
Cooke, Allen 
Corbett, W. H. 
Cota, A. J. 
Crandall, B. 
Cross, C. W. 
Gushing, G. W. 
Demlng, H. V. 
Downer, E. N. 
Dunham, W. E. 
Duntley, W. E. 



Duntley, J. W. 
Duntley, W. 0. 
Farmer, G. W. 
Fenn, F. D. 
FitzGibbon, J. W. 
Fitzmorris, Jas. 
Fry, Jr., C. H. 
Gilbert, E. A. 
Giroux, Gustave 
Goehrs, W. H. 
Graham, J. A. 
Haig, M. H. 
Harty, J. W. 
Hill, Jas. W. 
Holdrege, C. B. 
Hooven, A. E. 
Humphrey, A. L. 
Hunt, Thos. B. 
Jennings, D. F. 
Johann, Jacob. 
Jones, Morgan T. 
Keeler, San ford. 
Kirby, T. B. 
Kuhlman, Henry 
LaRue, H. 
Lewis, B. T. 
Linn, H. R. 



Maus, N. 
McAlpine, A. R. 
McCarthy, J. J. 
Mcintosh, Wm. 
McLeish, W. J. 
Midgley, S. W. 
Mileham, C. M. 
Mills, Geo. F. 
Morris, A. D. 
Morrison, G. D. 
Owen, Elmo. 
Parish, Le Grand 
Patterson, J. B. 
Roach, J. B. 
Rowley, S. T. 
Royal, Geo. 
Sanborn, J. G. 
Schlegell, F. von 
Schroyer, C. A. 
Sherman, L. B. 
Stark, F. H. 
Stimson, 0. M. 
Stocks, W. H. 
Sullivan, C. L. 
Sullivan, E. B. 
Sweney, Don 
Symington, E. H. 
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Thompson, K. B. Talmage, J. T. Wickersliam, R. S. 

Taylor, J. N. Tratman, E. E. R, Woods, E. L. 

Thurnauer, (J. Walbank, R. T. Younglove, J. C. 

Towslej', C. A. Webster, H. D. ' 

The Chaibman: The first order of business will be the approval 
of the minutes as printed. If there are no objections, they -will stand 
approved. The secretarj's report is the next business. 

The secretary then read the following report: 

Membership, March • 1,078 

Xew members approved by the Board of Directors.... 7 

Total membership 1,085 

New members: 

NAME. OCCUPATION AND ADDRESS. PROPOSED 

R. B. Kadish, Akron Mining, Milling & Mfg. Co., 

Chicago D. F. Jennlngrs. 

W. H. Libkernan, Standard Steel Car Co., Chicago A.E.Hoover. 

S. B. McMiehael, American I»co. Equipment Co., 

Chicago F. von Shlegell. 

H. C. May, M. M. C, C, C. & St. L. Ry., Louisville, Ky . .T. A. Lawes. 

F. C. Carriel, University of Illinois, Champaign, I11...L. P. Breckenridge. 

W. B. Hall, Mather Stock Car Co., Chicago G. T. Anderson. 

J. J. Cummings, Prest. McGuire-C'ummings Mfg. Co. . . .W. J. Cook. 

The Chaibman: The next will be the report of the Committee on 
Revision of the Rules of Interchange, Mr. Schroyer, chairman. It Is 
as follows: 
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REPORT OF COBIMITTEE ON REVISION OF THE RULES OF INTERCHANGE. 

To the members of the IVestern Railzvay Club, 

Your Committee to advise what revision is necessary in the Rules of 
Interchange asked for suggestions from the members, and has given the 
same consideration. 

The Committee believes that the rules, as at present revised, are 
working pretty satisfactorily, and therefore has given its approval to 
but few of the suggestion^ offered. The changes suggested refer to the 
rules of 1903, to which reference should be made. Where no mention of 
rule number is made, the Committee has no suggestion to offer. 

The Committee would suggest that at the meeting of the Club, the 
rules be called off number by number, and the suggestions of the Com- 
mittee as well as any additional suggestions by the members, be dis- 
cussed. 

Rule 2, Page 2: 

The Committee recommends the insertion of a paragraph reading as 
follows: 

Loaded cars must he accepted; if not in serviceable condition to suit the 
requirements of the receiving road, the receiving road to transfer the freight 
at its own expense. 

Rule 3, Page 3: 

The Committee would call attention to the importance of that por- 
tion of Rule 3 which requires that defect cards should be printed in red 
ink on both sides to distinguish them from other cards on the cars. It 
is found that in many cases this is not being done. 

Rule 10, Pace 4; 

The Committee suggests that this rule should be changed to read as 
follows: 

Worn flange: Wheels under cars of less than 80,000 pounds capacity 
with flanges having flat vertical surfaces extending more than one inch 
from tread, or flange one inch thick or less. Wheels under cars of 
80,000 pounds capacity or over with flanges having flat vertical surfaces 
extending more than % inch from tread, or flange 1 1-16 or less in 
thickness. 

Rule 19, Page 5: 

The question of reducing the length of the flat spot under cars of 
80,000 pounds capacity or over from 2^/^ inches to 2 inches was discussed, 
but no recommendations have been made by the Committee. The ques- 
tion is left for the meeting to decide whether any lower limits should 
be made for these cars. 

Rule 21, Page 8: 

In accordance with the suggestions regarding Rule 10, the notes 
under Figures 4 and 4a should be changed to read as follows: 

Figure 4.— For wheels under cars of less than 80,000 pounds capacity, 
with flanges one inch thick or less; 80,000 pounds capacity or over with 
flanges 1 1-16 inches or less in thickness. 
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Figure 4a. — For wheels under cars under 80,000 pounds capacity, 1 
inch from tread; 80,000 pounds capacity or over % inch from tread. 

Rule 23, Page 12: 

The Committee recommends that the last paragraph of this rule 
be changed to read: 

All cars to have their light weight and capacity stenciled on them. 

Rule 30* Page 13: 

The question of stenciling both sides of the cylinder to show the date 
of last cleaning was considered by the Committee, but it was not thought 
advisable to make any recommendations. 

The Committee would also call attention to the fact that many roads 
are marking the date of the last cleaning and oiling of the cylinders 
with chalk instead of white paint. This is bad practice and should not 
be continued. 

Rule 32, Page 13: 

The Committee believes that torn air brake hose should be an ope- 
rating company's responsibility and this rule should be changed accord- 
ingly. 

Rule 34, Page 13: 

The Committee recommends that the last ten words, "unless the 
car is stenciled that it is so equipped," be eliminated, as it is of the 
opinion that the owners of cars so equipped should maintain the hose 
and pipe. 

Rule 35, Page 14: 

The Committee recommends that the rule be changed to read: 

Locks, side doors, end doors and side and end door shieldSy grain 
doors, and all inside or concealed parts of cars missing or damaged under 
fair usage, etc., etc. 
Rule 39, Page 14: 

The Committee recommends that the rule be changed to read as 
follows : 

Material missing from body of cars, offered in interchange, except 
locks, side doors, end doors and side and end door shields, grain doors 
and all missing or concealed parts of car. 

Rule 54a: 

It has been found that the wheel defect gauge shown on page 6 
can be modified without in any way interfering with its usefulness as 
a wheel defect gauge, so that it can be made available for gauging worn 
couplers to determine if they are safe for service. The distance between 
the pulling face of the knuckle and the body of the coupler, 3 13-16 inches, 
and the distance between the guard arm and the knuckle, 5 inches, are 
the principal measurements. 

The wheel defect gauge as now adopted is 4% inches long. By 
adding % inch to the middle section of the gauge, making it 1 1-16 inches 
instead of 15-16 inch, the required gauge for the distance between the 
guard arm and knuckle is obtained. 
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To show the distance between pulling face of the knuckle and body 
of coupler, 3 13-16 inches, a small notch is cut on the bottom edge simi- 
lar to the one on side edge for gauging flat spots. 

A drawing is given herewith showing the gauge as modified. The 
Committee would recommend the use of such a gauge. 
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Rule 59, Page 17: j 

.Your Committee would recommend the elimination of this rule, as 
there is no longer any occasion for applying couplers other than the 
M. C. B. type. 

Rule 64. Page 19: 

The Committee would recommend that the last paragraph of this 
rule fixing a limitation on age of wheels applied be omitted. 

HlULE 73, Page 20: 

The Committee recommends the omission in the first and second lines 
of the words **two or more cars chained together, or any cars," so that 
the rule will read: "When cars which require switch chains to handle 
them are delivered at an interchange point," etc., etc. 

Rltle 95, Page 34: 

The Committee would suggest that the word ''current" be inserted 
before the word "market" in the second line, so that the rule will read* 
"In the application of channels they should be charged out at the current 
market price, plus the necessary labor for drilling," etc., etc. 

Rule 99, Page 35: 

The Committee would recommend an additional paragraph reading 
as follows: 
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Lost brake shoes may he ret^etced at cwner*s expense witJuyut the neces- 
sity of procuring defect card. 

Rllf 102. Page 35: 

Die Committee would recommeud that this rule be changed to read: 
No percentage to be added to either labor or material except when 

the otoners of earn are not subscrihent to th<' rules of interchange. 

Rule 105. Paue 41: 

Tho Committee recommends the omission of the words * 'brake shoes 
or bralte shoe Iteys" in the next to the last line. 

Rule 115, Page 51: 

The Committee suggests that the item of *ioose wheels" be added 
after the word "construction" in tho fourth line. 

C. A. SCHROYEB. 

Chairman. 

Jos. BUKER, 

H. La Rue. 
C. Deen, 

C. M. MiLEHAMj 

Committee. 



The Chairman: The secretary will call off the rules by number, 
and the suggested change in tlie report of the committee will be acted 
upon as each inile is reache<1. 

The secretary called off the rule numbers during which the following 
suggested changes were acted upon: 

The Secretary: Rule 2. 

Mb. Schroyeb: Mr. President, it is suggested that Rule 2 be revised 
to read as follows: *'Loaded cars must be accepted; if not in service- 
able condition to suit the requirements of the i'eceiving road, the re- 
ceiving road to transfer the freight at its own expense." This is to be 
inserted in this rule. 

It was moved and seconded that the amendment be adopted. 

The Chairman: It is moved and seconded that the recommenda-^ 
tion of the committee be adopted. Are there any remarks? 

Mr. F. H. Stabk (Pittsburg Coal Co.): Mr. President this subject 
I believe comes up every year with the Western Railway Club. I un- 
derstand that the interests here in Chicago make it necessary to have 
a local agreement to this effect, but to make it general, I doubt very 
much whether it is the right thing. I have had a good many years' 
experience along the Ohio river, where there is a great deal of timber 
loaded in the South and is brought up to what we term the Northern 
roads, in very bad shape, and if this rule were to go into effect It would 
encourage the careless loading of all kinds of product, and would iur 
volve an expense on the receiving road covering the carelessness of the 
delivering road. For instance, you take ship timber, or any of the long 
timber from the south, as I understand it, in this case the receiving 
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road would have to bear the expense of reloading that car or trans- 
ferring it. As to whether this rule would cover overloads, I don't know 
whether the committee intended that the receiving road would have to 
pay for transferring overloads or not. 

Mr. Schroyeb: Mr. President, I think the gentleman is out of order. 
It is not a question of loads, it is a question of condition of car. 

The Chairman: It is, as I understand it, the condition of the car. 

Mr. Stark: I beg your pardon, sir. 

The Chairman: Any further remarks? If not, we will vote. 

The question being put, the recommendation of the committee was 
adopted. 

The Secretary: Rule 3. 

Mr. Schroyer: The committee would call attention to the impor- 
tance of that portion of Rule 3 which requires that defect cards should 
be printed in red ink on both sides to distinguish them from other cards 
on the cars. It is found that in many cases this is not being done. And 
while there is not anything that can be added to the rules, to enforce 
the requirement of having these M. C. B. cards printed in red ink, the 
committee wants to call the attention of the meeting to the fact that it 
is not done in a great many cases, and the result is that it leads to 
confusion among the men who have to handle these cars, because ordi- 
narily you can tell at a glance what a card is for by the shape of the 
card and the color of the ink it is printed with. We want to emphasize 
that; call the attention of the association to that fact. 

The Secretary: Rule 10. 

Mr. Schroyer: The committee suggest that this rule should be 
changed to read as follows: 

"Worn flanges: Wheels under cars of less than 80,000 pounds ca- 
pacity, with flanges having flat vertical surfaces extending more than 
one inch from tread, or flange one inch thick or less. Wheels under 
cars of 80,000 pounds capacity or over with flanges having flat vertical 
surfaces extending more than seven -eighths inch from tread, or flange 
1 1-16 inches or less in thickness." 

The change in that rule, as you will observe, has been made to 
include cai*s of 80,000 pounds capacity and over in the thicker flange, 
and the less height of the vertical surfaces. Heretofore the rule has 
required that cars of 80,000 pounds and less could run with a flange 
one inch vertical surface and one inch in thickness. Now, we think 
that the 80,000-pound car should be included in the higher carrying 
capacity cars in so far as the condition of wheels is concerned. I be- 
lieve it is found generally among the roads that are handling 80,000- 
pound cars that they are having more or less trouble with the wheels, 
and for that reason the committee thinks it advisable to have that 
change made. 

The Chairman: What action shall be taken? 

It was moved and seconded that the recommendation of the com- 
mittee be adopted. Carried. 
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Mr. Scuroyeb: The question of reducing the length of the flat 
spot under cars of 80,000 pounds capacity or over from 2^ inches to 2 
inches, was discussed, but no recommendations have been made by 
the committee. The question is left for the meeting to decide whether 
any lower limits should be made for these cars. 

Now this point is in your hands to determine, as to whether you 
want to have wheels removed under these high carrying-capacity • cars 
with spots less than 214 inches in length. 

The Chairman: What is your pleasure, gentlemen? This question 
is before you for discussion. 

Mr. Stark: Mr. Chairman, this subject came up not long ago, and 
the question was asked whether there was a prevalence of cracked 
wheels on account of slid flat wluHils, and the members seemed to be 
of the opinion that there was no increase in the number of wheel fail- 
ures on account of flat wheels, therefore there seemed to be no neeessity 
for cutting the wheels out closer, and I believe until such time as we 
have some evidence, that we are taking too great a chance, we would 
better leave the rule as it now stands, and if it be in order I will move 
that that particular rule remain as it is. 

Mr. Schroyer: That is not necessary. 

The Chairman: It is not made as a recommendation, Mr. Stark, 
our attention is sinqWy called to it. If there is no further discussion, 
we will pass to the next rule. 

The Secretary: Rule 21. 

Mr. Schroyer: It is thought as regards Rule 21 that the phrase 
ology under figure 4 should be changed to read as follows: 

"For wheels under cars of less than 80,000 pounds capacity, with 
flanges one inch thick or loss; 80,000 pounds capacity or over with 
flanges 1 1-16 inches or less in thickness." 

That is to conform with Rule 10; the changing of Rule 10 makes 
it neces^sary to change the requirements of Fig. 4 and Fig. 4a. 

Fig. 4a: "For wheels under cars under 80,000 pounds capacity, one 
inch from thread; 80,000 pounds capacity or over, % inch from thread. 

The Chairman: What is your pleasure, gentlemen? 

On motion, the recommendation of the committee was adopted. 

The Secretary: Rule 23. 

Mr. Schroyer: Rule 23. The committee recommend that the last 
paragraph of this rule be changed to read: 

"All cars to have their light weight and capacity stenciled on them." 

You will observe that the rule as it now reads is "All cars to have 
their capacity stenciled on them." This is to include light weight as 
well as capacity. 

On motion, the recommendation of the committee was adopted. 

The Secretary: Rule 30. 

Mr. Schroyer: The question of stenciling both sides of the cylin- 
der to show the date of last cleaning was considered by the committee, 
but it was not thought advisable to make any recommendations. 
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The committee would also call attention to the .fact that many 
roads are marking the date of the last cleaning and oiling of the cylin- 
ders with chalk instead of white paint. This is bad practice and should 
not be continued. 

By some members of the committee it was thought advisable to 
stencil the date of the last cleaning on both sides of the cylinders, 
which would enable inspectors to see it from either side of the car. 
In many places inspection is done by one man, and he can only tell 
from the side of the car nearest which the cylinder is located when the 
cleaning was last done, and the inspectors on our line consider that it 
will be a great advantage to have those cylinders marked on both sides. 
Although we make no recommendations, we leave that for the members 
to express their wish. 

The Chairman: What is your pleasure, gentlemen? Any remarks 
on this question? If not, we will go ahead. 

The Secretary: Rule 32. 

Mr. Schroyer: The committee believes that torn air brake hose 
should be an operating company's responsibility, and this rule should 
be changed accordingly. 

The rule as it now reads is that the delivering company is respon- 
sible for ''Missing or torn air brake hose or missing or torn air brake 
fittings, angle cocks, cutout cocks, cylinders and reservoirs, triple valves, 
release valves and pressure-retaining valves or parts of any of these 
items." 

The Chairman: What is your pleasure, gentlemen? 

Mr. W. E. Sharp (Armour Car Lines) : What does the committee 
mean by the operating company's responsibility? 

Mr. Peck (Chicago & Western Indiana R. R.) : Mr. Chairman, I am 
not in favor of the recommendation of the committee for this reason: It 
makes the operating company responsible for the hose while the car 
is in its possession. Cars frequently leave home and are gone some 
three or four months and are all the time earning money for their owner, 
and during that time a hose might fail under fair usage, and the owner 
should be responsible. At a meeting of the committee a question was 
brought up and it was claimed that the train men did not uncouple the 
hose, and we all know this is the practice, and the committee argued 
that if the hose was torn in uncoupling it was owner's defect, and if 
it tore so it was weak enough to be removed, it was removed and owner 
billed, and since that time this has been the practice, but if the car 
is offered in interchange with torn hose, the company so offering it will 
have to furnish M. C. B. card. 

Mr. Stark: Mr. Chairman, if I remember right, when Mr. Herr 
read a paper before this club on the Air Brake, he said that it was his 
opinion that while they intended to make a hose coupling that was 
automatic, that he considered it bad practice to separate cars without 
disconnectig the air hose, and if the Westinghouse people themselves 
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will not admit that the hose couplini^gf are automatic in a practical way, 
and if we admit that it is bad practice to separate cars without discon- 
nectiiijuf the hose, wliy should the owner be responsible for a bad prac- 
tice? We all know that in the winter time wlien the couplings sire 
tilled with snow and ice, frozen, that unless the liose coupllnjjs are 
diKconnected they are liable to tear the hose, and if it breaks off tlie 
train line, why, it is evident that there is something there that offers 
a resistance, and I believe that t\w road operating the car — tht; deliver- 
ing road— should be responsil)Ie in every case for torn air hose. 

Mr. 1'eck: Mr. l*re.^ident, the delivering road is responsible now, 
but regarding the operating road— as I understand from Mr. Schroyer, it 
does not matter who has the car in possession, whether it is delivered, 
or whether they have it in possession they pay for the hose Instead of 
the owner paying for it. 

The Chairman: Any further remarks? 

Mr. O. :m. Stimson (Swift Refr. Car Line): Mr. Chairman, I don't 
think the question is made clear as to what interpretation can be put 
upon the ''operating company." I don't think Mr. Peck has answered 
Mr. Sharp's (luestion as to what is meant by an "operating company." 
If it is not either the owner or the delivering company, I think there 
would he an opportunity for mi^nderstanding it. 

The Chairman: Any further remarks? If not, we will vote on 
tliis question. 

The recommendation of the committee was defeated. 

The Secretary: Rule 34. 

Mr. Schroyer: The eonimittc^e recommends that the last ten words, 
'unless the car is stenciled that it is so equipped," be eliminated, as it 
is of the opinion that the owners of cars so equipped should maintain 
the hose and pipe. This is Rule 34: 

**If the car has air-signal pipes or air-brake pipes, but no air brakes, 
the hose and couplings on the car are at owner's risk, unless the car 
is stenciled that it is so equipped." 

Now, the committee is of the opinion that the owners of the car 
should be responsible for the maintenance of the pipes and hose under 
all conditions, and they make that recommendation. 

It was moved and seconded that the recommendation be adopted. 

The Chairman: Are there any remarks? 

Mr. E. W. Pratt (C. & N. W. Ry.): I rise for information. Do the 
Avoids contemplate the stenciling on this car? 

Me. Schroyer: No matter whether it is or is not. 

Mr. Pratt: How would the receiver know when to ask for a 
card? 

Me. Schroyer: If the pipes and the hose and the whole thing is 
missing, and there is no evidence about the car to sliow that they were 
on the car, they would not ask for a card— no more than you could ask 
for an air brake if the whole thing was missing and there is no evi- 
dence on the car to show that it was ever on. 
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The Chaikman: Any further remarks? If not, we will pro(feed 
to vote. 

The question being put, the recommendation of the committee was 
adopted. 

The Secretary: / Rule 35. 

Mr. Schroyer: The committee recommends that the rule be 
changed to read: **Locks, side doors, end doors and side and end door 
shields, grain doors, and all inside or concealed parts of cars missing 
or damaged under fair usage," etc. 

The addition to that rule is the following: That it is to embrace 
end doors and side and end door shields. We have fully as much 
trouble with those shields and with the end doors as we do with the 
side doors today, and then any defects in those parts or any losses to 
those parts are at the owner's risk. Defects to those parts, unless due 
to wreck, are easily determined, and the shields" on the side doors and 
end doors are either nailed or screwed; there is none of them that are 
bolted, and by the jarring of the car in service, those shields come off. 
and the owners of the car should be responsible for them. 

On motion, the recommendation of the committee was adopted. 

The Secretary: Rule 39. 

Mr. Schroyer: Rule 39 is made to harmonize with Rule 35. The 
committee recommend that the rule be changed to read as follows: 
'^Material missing from body of cars, offered in interchange, except 
locks, side doors, end doors and side and end door shields, grain doors 
and all missing or concealed parts of car." 

On motion the recommendation of the committee was adopted. 

The Secretary: Rule 54a. 

Mr. Schroyer: It Is known by all car men that most car builders 
have an M. C. B. coupler and defect gauge, which is somewhat com- 
plicated in construction and takes skill to operate it. It has been found 
that the wheel defect gauge shown on page 6 can be modified without 
In any way interfering with its usefulness as a wheel defect gauge. 
So that it can be made available for gauging worn couplers to deter- 
mine if they are safe for service. The distance between the pulling 
face of the knuckle and the body of the coupler, 3 13-16 Inches, and the 
distance between the guard arm and the knuckle, 5 inches, are the 
principal measurements. 

The wheel defect gauge as now adopted is i% inches long. By 
adding % inch to the middle section of the gauge making it 1 1-16 
Inches Instead of 15-16 inch, the required gauge for the distance between 
the guard arm and knuckle is obtained. Instead of having it 15-16 
inch, make It 1 1-16 Inches, and you have a guage that will meet both 
requirements. It Is light in weight and the inspectors all carry it 
around in their pockets, and they can measure defects on the couplings 
with that just as well as they can defects on the wheels. By adding 
% inch to the middle section of the gauge, making It 1 1-16 Inches 
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ini^toad of 15-16 inch, the distance between the guard arm and the 
knuckle i?? obtained, and we think that that is a very important thing. 
The defect coupler gaujje that thej' use today I think costs something 
like $18 or $19, and here is that little piece of sheet iron stamped out 
in that shape to make It an eighth of an inch longer meets all tht 
requirements of that $18 gauge. 

On motion, the recommendation of the committee was adopted. 

The Secretary: Rule 59. 

Mr. Schroyee: Rule 59. "Couplers of the vertical plane type other 
thau M. C. B. replaced with M. C. B. standard, the expense of alteration 
thus necessitated, shall be chargeable to car owners." 

Tlio coinmittce considers that this rule is of no further use to the 
association, and recommends its elimination entirely from the rules, as 
there is no other style of vertical coupler used today except the 
M. C. B. 

Moved and seconded that the recommendation of the committee be 
adopted. 

The Chairman: Arc there any remarks? 

Mr. Stark: Mr. Chairman, I would like to ask how this would 
apply to roads using the vertical plane type coupler but making a 
coupler an inch difference in length. Then there is still another road 
that has a coupler designed with the coupler shank narrower at the 
back end in order to have it pass in between the draft attachments. 
Under the present rules, if one of those couplers break, the road hand- 
ling the car can change the attachments, making the M. C. B. standard 
coupler shank applicable. If we eliminate this, and we get hold of one 
of those cars that have a specially designed coupler shank, how are 
we going to make the change unless we do it at our own expense? 

There is still another road that makes a different butt end to the 
coupler shank and uses a single rivet instead of two rivets. Of course 
that would not cut any figure in this particular case, but it would 
where the coupler was longer or where the draft attachments are so 
close that you can't get the M. C. B. type in. 

Mr. Schroyeb: Mr. Chairman, this rule refers to couplers other than 
the M. C. B. type. The type of the M. C. B. coupler is the contour lines 
of the coupler, the vertical plane coupler. Now, anything that Is on the 
M. C. B. lines is the M. C. B. type in fact, and it has reference to other 
couplers than that. If you will recall the fact, during the time the 
M. C. B. coupler was being generaly introduced, there were a number 
of other couplers that came into use, and some roads were opposed to the 
M. C. B. coupler, but that has all disappeared, so that the necessity for 
this rule no longer exists. I l)olieve that the M. C. B. requirements in 
a coupler are all that is desired under conditions existing to-day. I don't 
believe that anybody is justified in putting in anything else than an 
M. C. B. coupler to-day, and if you do, and it is necessary that that 
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coupler be changed while on our road, it should be done at your expense, 
if it is done in accordance with the M. C. B. rules. 
The question being put, the motion was carried. 

The Secretary: Rule 64. 

Mr. Schroyer: "Wheels on the same axle must be of the same cir- 
cumference." 

'*No wheels to be applied to foreign cars that the dates cast show 
them to be over six years old." 

The committee recommends that the last paragraph of this nile, fixing 
a limitation of age of the wheels, be omitted. We feel that it is work- 
ing a hardship to-day in the handling of wheels in our repair yards; that 
it is costing us very much more money than we ever lost by any of the 
wheels that have been used on our cars under the old rule, and for that 
reason we would recommend the elimination of this last clause of the 
rule. 

Moved and seconded that the recommendation of the committee be 
adopted. Carried. 

The Secretary: Rule 73. 

Mr. Schroyer: Rule 73 refers to the switch chains on cars in 
handling them. The committee recommends the omission in the first and 
second lines of the words "two or more cars chained together, or any 
cars," so that the rule will read: 

"When cars which require switch chains to handle them are deliv- 
ered at an interchange point, the receiving road shall deliver to the 
delivering road at the time an equivalent number of switch chains of 
the same size as the chain so used on the cars delivered, or, in lieu 
thereof, furnish a defect card for such chains." 

The object of this is to cover the delivery of chains that have been 
applied to defective cars rather than to chains that are applied to two 
cars that are loaded with the same load. Many roads now are not 
handling double-loaded cars with switch chains at all, and the rule as 
it stands to-day works a hardship and is a constant source of bickering 
and contention among our inspectors, and sometimes it goes beyond the 
inspectors, in getting back the chains that are on double loads. Now, 
the committee wants the road delivering cars that are so claimed to 
remove their own chains before the delivery is made. 

On motion, the recommendation of the committee was adopted. 

The Secretary: Rule 95. 

Mr. Schroyer: The committee would suggest that the word "cur- 
rent" be inserted before the word **market" in the second line, so that 
the rule will read: 

**In the application of channels they should be charged out at the 
current market price, plus the necessary labor for drilling," etc., etc. 

On motion, the recommendation of the committee was adopted. 
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The Seirktary: Rule 99. 

^IR. Sciiuoyer: Tlie coiimiittoo would recommend an additional 
paragraph, reading as follows: 

"That l)rak(» shoes may be renewed at owner's expense without the 
necessity of procuring defect card." 

If the brake shoe, as you know to-day, is lost on your own road, 
you can replace that shoe at the owner's expense, but if that car is deliv- 
ere<l in intercliange, it rcMiuires your inspector to go to the inspector of 
th(» delivering road and get an M. C. B. defect card before you can bill 
on it, and therein is the hardship. It costs more money to-day to hunt 
up that inspector and get a defect card than is involved in the price of 
changing the shoe and the value of the shoe. For that reason we make 
this recommendation. 

it was moved and seconded that the recommendation of the com- 
mittee be adopted. 

^Ir. Sharp: Mr. Chairman, I notice further on in the recommenda- 
tion that you recommend the striking out of the words "brake shoe." 
In that case it makes the car owner responsible for both labor and mate- 
rial. I would like to ask why you would make this change? 

The Chairman: Will you answer that, Mr. Schroyer? 

Me. Schroyer: I did not understand the question. 

Mr. Stark: Mr. Chairman, I don't know of anything to hinder the 
receiving road— it might be in a technical sense, but the receiving road 
can receive a car with missing brake shoes, and I don't know that there 
is anything to prevent it from making a bill for it, either. I believe the 
i-eoeiving road, if it tak(»s the car and puts it into its own yard and 
puts a brake shoe on it, I don't know who iff going to have any tab on 
it, or who is going to raise any objection to it. The idea of making the 
dt^livering company responsi])le was to force the delivering company to 
put the car in a good, safe condition before delivering it, and that applies 
to the couplers and to the brakes in general. It was to force the deliv- 
ering company to put the car in a good, serviceable condition. If, how- 
ever, the receiving road desires to accept a car with missing material 
and makes the repairs, I think if you are all honest about it, you will 
all say that you make a bill, and I don't see that anybody is going to 
raise any objection to it. As it is now, the receiving road can refuse a 
car with missing material unless it has a defect card if it wants to, but 
in all the interchange points that I have anything to do with the receiv- 
ing load receives the car with missing brake shoes and nuts the brake 
slioes on and charges them up to the owner. 

;Mr. Schroyer: IMr. President, it is true enough the receiving road 
can receive a car, if it wants to, in any condition that the car may be 
in, but we know that our inspectors lose a lot of time in procuring 
M. C. B. defect cards for missing material because of brake shoes miss- 
ing. Now, when we change a brake shoe that has been worn out, we 
get the scrap of the worn-out brake shoe for the labor of putting on the 
new one. In this particular case when we put a new brake shoe on to 
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a car that is delivered to us, and one is missing, we get no compensation 
for the labor of applying the shoe, but the labor of applying the shoe 
represents so much less than the labor of hunting up a defect card for 
the missing material that we should think everybody would be willing 
to have that point covered, and avoid the necessity of inspectors hunting 
for defect cards. It is only a question of making the thing clear to the 
inspectors and enabling us to do the work at once. We are doing it now 
if we want to, but generally they don't want to, because you all know 
that our inspectors stand on all the technicalities that they can under 
the rules. The object of this is to make it clear that the inspector does 
not have to get a card to put on the brake shoe. 

The Chairman: Any further remarks? 

Mr. Sharp: Mr. Chairman, my object in asking that question was 
simply this: it is generally assumed that a missing brake shoe, as cov- 
ered by the rules, is either missing on account of being broken or on 
account of key working out of place. There are other conditions, how- 
ever, that would work a hardship on the car owner if the rule is adopted 
as recommended by this committee. We can cite numerous cases around 
the switching yards where cars are placed on a loading track or on a 
side track and while there they have been robbed of all the brake shoes 
by the junk men. Now, if this rule is adopted, the company having 
these cars in their possession will not have to give them the attention 
that they now give by their police department. 

Mr. Schroyer: Mr. Sharp's remarks refer especially to private line 
cars. 

Mr. Sharp: Not exactly. 

Mr. Schroyer: But the percentage of private line cars to-day is so 
small that in the adoption of rules governing interchange of cars it 
should not cut very much of a figure. 

The Chairman: Is there any further discussion? 

The question being put, the recommendation of the committee was' 
adopted. 

The Secretary: Rule 102. 

Mr. Schroyer: The committee would recommend that this rule be 
changed to read: 

"No percentage to be added to either labor or material except when 
the owners of cars are not subscribers to the Rules of Interchange." 

On motion, the recommendation of the committee was adopted. 

The Secretary: Rule 104. 

Mr. H. La Rue (C, R. I. & P. Ry.) : Mr. Chairman, I would like to 
call attention to the rule on page 36, the charge for repairing arch bars, 
two hours, and on page 39, the charge for replacing siding. I think that 
that price should be increased. 

Mr. Schroyer: Let me say that Mr. La Rue did not remain at the 
meeting long enough— the committee did not go into the question of 
changing the prices, as there is a Master Car Builders' committee for 
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that purpose, and for that reason we did not interfere with that at all. 

Mb. Peck: Mr. Chairman, I think this Cluh should recoiumend to 
the Arbitration Committee any prices they see fit to change. We have 
not prices enough. Everything should be priced. You charge 20 cents 
for a brake rod and it is sent back to be changed to 10 cents, and simi- 
lar things are being done all the time. We ought to have a price on 
every piece of material we have, as far as we can. Every part of our 
coupler should have a price named. There are a great many bills re- 
turned for the inside parts of couplers— the prices are not right. We 
should have prices for the inside parts of couplers the same as we do 
for the drawbar itself. 

The Chairman: Mr. La Rue, would you offer those suggestions as a 
motion? 

Mb. La Rue: I merely offer that as a suggestion. 

Me. Teck: Mr. President, I would suggest if Mr. La Rue has any 
prices he wishes to bring before the Club, that he bring them in the 
shape of a motion, so that they can bo recommended to the Arbitration 
Committee. 1 think it perfectly right that we should have all the infor- 
mation we can get. 

Me. La Rue: I offer as a motion that the charge for blacksmith shop 
labor for repairing arch bars be two hours for each bar instead of two 
hours for both bars in case it is necessary, and that the price of siding 
should be clianged from six cents per foot to ten cents. 

Motion carried. 

The Secbetary: Rule 105. 

^1r. ISciiroyer: The coiiimittee recommends the omission of the 
words "brake shoes" or "brake shoes keys" in the next to the last line. 
The rule as it now reads is: 

"No charge to be made for labor of replacing or applying M. C. B. 
knuckles, knuckle pins, locking pins, clevises, clevis pins, lift chains, 
brake shoes or brake shoe keys, except on the authority of a defect 
card." 

This is in harmony with the action taken as regards the missing 
brake shoes. 

Moved that the recommendation of the committee be adopted. 

The Chairman: Is the motion seconded? 

A Member: Wouldn't it be well for the committee to recommend 
how much labor should be charged for? 

Mr. Schroyer: No labor at all, no charge for the labor of replacing, 
except on the authority of the M. C. B. defect cards. Read the rule and 
you will see. 

Motion, after being seconded, was carried. 

The Secretary: Rule 115. 

Mr. Schroyer: You will observe that this rule covers the work 
which may be done on cars by switching roads. The committee recom- 
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mends that the words '*loose wheels" be added to this rule after the 
word "construction" in the fourth line, making the rule read: 

'^Switching roads will only be allowed to render bills against car 
owners for the following defects repaired by them: Roof lost on account 
of decay or faulty construction." Then we would have the words "loose 
wheels, worn-out brasses, broken truck springs," etc., etc. 

On motion, the recommendation of the committee was adopted. 

The Seceetaby: Mr. Chairman, those are all the recommendations 
the committee has to make. If any of the other members have any 
recommendations to make for the rule following rule 115, we would be 
glad to hear them. 

The Chairman: The report as revised should be sent to the Arbi- 
tration Committee, and a motion that the report, as revised, be accepted, 
will be in order. 

Mb. Peck: I move the report of the committee, as revised, be 
accepted and referred to the Arbitration Committee as the recommenda- 
tions of the Club, and that the committee be discharged with a vote of 
thanks. 

Carried. 

The suggestions as adopted by the Club are as follows: 

becommendations of western railway club on revision of the rules 

of it^terchange. 
Rule 2, Page 2: 

The Club recommends the insertion of a paragraph reading as fol- 
lows: 

Loaded cars must he accepted; if not in serviceable condition to suit the 
requirements of the receiving road, the receiving road to transfer the freight 
at its own expense. 

Rule 10, Page 4: 

The Club suggests that this rule should be changed to read* as fol- 
lows: 

Worn flange: Wheels under cars of less than 80,000 pounds capacity 
with flanges having flat vertical surfaces extending more than one inch 
from tread, or flange one inch thick or less. Wheels under cars of 
S0,000 pounds capacity or over with flanges having flat vertical surfaces 
extending more than % inch from tread, or flange 1 1-16 (w less in 
thickness. 

Rule 21, Page 8: 

In accordance with the suggestions regarding Rule 10, the notes 
under Figures 4 and 4a should be changed to read as follows: 

Figure 4. — For wheels under cars of less than 80,000 pounds capacity, 
with flanges one inch thick or less; 80,000 pounds capacity or over with 
flanges 1 1-16 inches or less In thickness. 

Figure 4a.— For wheels under cars under 80,000 pounds capacity, 
1 Inch from tread; 80,000 pounds capacity or over, % Inch from tread. 
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Rule 23« Page 12: 

The Club recommends that the last paragraph of this rule be changed 
to read: 

All cars to have their light weight and capacity stenciled on them. 
Rule 34, Page 13: 

The Club recommends that the last ten words, "unless the car is 
stenciled that it is so equipped," be eliminated, as it is of the opinion 
that the owners of cars so equipped should maintain the hose and pipe. 
Rule 35, Page 14: 

The Club recommends that the rule be changed to read: 

Locks, side doors^ end doors and aide and end door shields, gr&in 
doors, and all inside or concealed parts of cars missing or damaged under 
fair usage, etc., etc. 

Rule 39, Page 14: 

The Club recommends that the rule be changed to read as follows: 
Material missing from body of cars, offered in interchange, except 
locks, side doors, end doors and side and end door shields, grain doors 
and all missing or concealed parts of car. 
Rule 54a: 

It has been found that the wheel defect gauge shown on page 6 
can be modified without in any way interfering with its usefulness as 
a wheel defect gauge, so that it can be made available for gauging worn 
couplers to determine if they are safe for service. The distance between 
the pulling face of the knuckle and the body of the coupler, 3 13-16 inches, 
and the distance between the guard arm and the knuckle, 5 inches, are 
the principal measurements. 
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The wheel defect gauge as now adopted is 4% inches long. By 
adding % inch to the middle section of the gauge, making it 1 1-16 inches 
instead of 15-16 inch, the required gauge for the distance between the 
guard arm and knuckle is obtained. 

To show the distance between pulling face of the knuckle and body 
of coupler, 3 13-16 inches, a small notch is cut on the bottom edge simi- 
lar to the one on side edge for gauging flat spots. 

A drawing is given herewith showing the gauge as modified. The 
Club would recommend the use of such a gauge. 
Rule 59, Page 17: 

The Club would recommend the elimination of this rule, as there is 
no longer any occasion for applying couplers other than the M. C. B. 
type. 
Rule 64, Page 19: 

The Club would recommend that the last paragraph of this rule 
fixing a limitation on age of wheels applied be omitted. 
Rule 73, Page 20: 

The Club recommends the omission in the first and second lines of 
the words "two or more cars chained together, or any cars," so that 
the rule will read: '*When cars which require switch chains to handle 
them are delivered at an interchange point," etc., etc. 
Rule 95, Page 34: 

The Club would suggest that the word "current" be inserted before 
the word "market" in the second line, so that the rule will read: *1n 
the application of channels they should be charged out at the current 
market price, plus the necessary labor for drilling," etc., etc. 
Rule 99, Page 35: 

The Club would recommend an additional paragraph reading as fol- 
lows: 

Lost brake shoes may be renewed at owner*s Expense witliout the neces- 
sity of procuring defect card. 
Rule 102, Page 35: 

The Club would recommend that this rule be changed to read: 

No percentage to be added to either labor or material except when 
the owners of cars are not subscribers to the rules of interchange. 
Rui-E 104. Page 36: 

The Club recommends that the charge for repairing arch bars be 
two hours for each bar instead of two hours for both bars in case it is 
necessary. 

Also that the price of siding should be changed from six cents per 
foot to ten cents per foot. 
Rule 105, Page 41: 

The Club recommends the omission of the words "brake shoes or 
brake shoe keys" in the next to the last line. 
Rule 115, Page 51: 

The Club suggests that the item of "loose wheels" be added after 
the word "construction" in the fourth line. 
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TiiK CiiAiKMAN : TIh' next sulvjj'ct on our program isMr. King's talk on the 
subject of tlu* Steam Turbine, but we tinci it will Iw nwessary to move the screen 
in under the «rallery a little, and while that is being prepared, we will proceed 
with Mr. Vaughan's paper on The Value of Heating Surfaces. It is as follows: 

TH£ VALUE OF HEATING SURFACE. 

By Mr. H. H. Vaughan, S. R, S., Can. Pac. Ry. 

In presenting these remarks to the Western Railway Club I feel 
that an apology is really due to the members for their incompleteness; 
but as they are connected with a question which has recently been 
quite an important one for several of us, they may be of interest even 
if not affording much real information. 

You, no doubt, recollect that the Master Mechanics* Association 
Committee, of which Mr. G. R. Henderson was chairman, recommended 
a relation between heating surface and cylinder volume of 200 or 
220 to 1. The cylinder volume was inconvenient to calculate and has 
been very little used, and I very much prefer the excellent measure 
recommended by Mr. Lawford H. Fry, which I hope to see adopted gen- 
erally in the future, namely, the tractive power at 85 per cent multiplied • 
by the diameter of drivers. When this is divided by the heating sur- 
face, Mr. Fry's factor B. D. is obtained. Now to compare these two 
ratios if R be ration of heating surface to cylinder volume in cubic feet, 
P the boiler pressure, 

935 P 

then B. D. = 

R 
thus values of R of 200 with 160 to 180 pounds boiler pressure com- 
pare with values of B. D. of 748 and 840 respectively which are very 
considerably higher than these for any engines built in the last few 
years. 

Without discussing the factor B. D. further I wish to call attention 
to one way of looking at it which does not seem to be generally noticed, 
namely, that it is proportional to the pounds of water" that have to be 
evaporated per square foot of heating surface per hour and in fact if 
regarded in this way it appears to me more easily discussed. 

A number of the later large passenger engines have had very low 
values of B. D. varying down to 600 or 500 and should accordingly have 
a large margin of steaming capacity if water is evaporated at the same 
rate per square foot as on older and smaller engines. I have come to 
the conclusion that this is not the case and in making this remark 1 
wish it to be clearly understood that I refer to the steaming capacity 
of the engines and not to their econonaical performance. Had I been 
able to devote suflacient time to this subject I would very much have 
liked to present diagrams illustrating this subjiect for all the engines 
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mentioned in Mr. Fry's paper before the New York Railroad Club as 
in that case each member could have noticed engines with which he 
was individually acquainted, but failing that I have restricted the illus- 
tration to the engines with whose performance I am best acquainted, 
those of the Lake Shore and Michigan Southern Railway. Fig. 1 shows 
the values of B. D. for certain classes of their engines; the values are 
simply plotted for the classes shown as abscissae in their alphabetical 
order, a short description of these engines being as follows: 



Class Type Cylr. Blr. 
Pie 

A 2-80 201^38 

B 2-8-0 21 x30 

B2 2-8-0 21 x30 

2 4-6-0 17 x24 

24 4-6-0 17 x24 

F 4-6-0 18 x24 

G 4-6-0 18 x26 

H 4-6-0 191^30 

1 4-6-0 20 x28 

1 2-6-2 20^28 

Q 4-4-0 17 x24 

Q4 4-4-0 17 x24 

R 4-4-0 18 x24 



dfia. <rf Heating Surface Grate Wgt on Total 
ss. Drvrs. Tubes. 
180 56 1957 



200 62 2452 

200 62 2786 

180 68 1440 

160 56 1146 

190 68 1665 

190 68 1550 

180 62 1957 

200 80 2660 

200 80 3172 

180 72 1234 

135 62 1073 

180 68 1425 



F'box. Total. Area. Drvrs. Wgt. Service. 

,50C 



212 2169 32.5 143,500 162,500 Frt 

230 2682 33.5 149,000 168,000 Frt. 

187 2973 43.0 154,000 174,000 Frt. 

139 1579 27.0 90,000 115,000 Pass. 

126 1272 22.0 80,000 105,000 Frt. 

150 1815 27.0 88,000 118,000 Pass. 

179 1729 24.0 110,000 140,000 Pass. 

202 2159 32.5 118,000 158,000 Frt. 

202 2862 33.5 133,000 171,600 Pass. 

190 3362 48.6 130,000 174,500 Pass. 

155 1389 18.0 65,000 104,000 Pass. 

142 1215 15.1 48,000 74,000 Frt, 

154 1579 27.3 71,000 107,000 Pass. 



The A is a successful class of narrow firebox, consolidation engine; 
has always been a good steamer. The B and B2 are Mr. Marshall's con- 
solidations narrow firebox and wide firebox respectively. The E is a 
highly successful light ten-wheel passenger. It was one of these en- 
gines that made the splendid run with Dr. Webb's special some time ago. 
The E4 have been very satisfactory. The F has also been a highly suc- 
cessful class of engine and ran the 20th Century train during the first 
summer it was put on, a good performance for an engine of this size. 

The G is a solitary engine and has never given satisfaction in pas- 
senger service; it has to be used on local or mixed runs. H is a good 
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class of engine for fast freight and has also been used with grood re- 
sults on heavy passenger runs that are not necessarily fast I Is Mr. 
Marshall's ten-wheel passenger engine on which he decided the limita- 
tion occurred in the grate and "I" is his prairie passenger. Q is a class 
of eight-wheel engine that was used in the 20-hour trains in the World's 
Fair year, but which are very delicate steamers. Q4 is a good eight- 
wheeled freight engine, the class that is seldom heard from; R is an 
18-inch passenger eight-wheeler, a fair engine but not remarkably good. 
Now, remembering that the ratio B. D. means that the pounds of water 
evaporated per square foot of heating surface per hour are equal for 
equal B. D. under equal conditions of revolutions, throttle and cut-off, 
in other words when engines are being worked up to their relative 
capacity, I do not hesitate to say that it does not accurately represent 
the conditions. While the I engines are good steamers they are not on 
that basis the equal of the E, and I do not consider them quite equal 
to the F. The Q are certainly not equal to the E or F and neither are 
the R. The H are, I think, rather better than the B when pressed. 
While the question may appear rather theoretical it became of some 
importance in connection with the design of new passenger power in 
which we wished to feel reasonably certain that the steaming qualities 
should be good. Several of the later Prairie and Pacific engines have 
necessarily like the I, a flue of considerably greater length than was 
common on older power and the question has frequently been raised 
as to whether the figures for heating surface arrived at by the length 
of the flue really indicated the steaming capacity, leaving out any ref- 
erence to their economical effect. It occurred to me that an analysis of 
the experiments carried on to determine the evaporation from various 
sections of the flue, might give some indication of the allowance that 
should be made. I refer to those made by M. Petiet about 1865 and while 
I have heard these experiments spoken of as being of little value, I do 
not know the objections that have been raised against them. They ap- 
pear to have been most carefully carried out and under conditions that 
are very fairly comparable with those of to-day. An account of them 
can be found in D. K. Clark's "Steam Engine" and is interesting reading. 

Without going into an extended description, a boiler having a grate 
area of 9 sq. ft, firebox heating surface 60.28, and 125 tubes 1% ins. dia., 
12 ft. 4 ins. long, had the tubes divided into four sections each 3.01 ft. 
long, leaving 3^^ ins. of tubes attached to the firebox, forming the 5th 
section. Test was carried out with coke and with briquettes, the former 
of which may, I think, be neglected. With briquettes coal was burnt 
up to 113 lbs. per square foot of grate per hour, which is a fairly high 
rate of combustion. Tests were also made with one half of the flues 
stopped off. 

On looking over the curves showing the evaporation for various por- 
tions of the tubes, they appeared to have a general similarity to a par- 
abola. In that case the evaporation per square foot from a flue of any 
length would be the same if the square root of the length of the flue 
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were taken in place of the actual length. Fig. 2 shows the results when 
plotted on that basis with pounds of coal per square foot of grate per 
hour as abscissae and water evaporated per square foot of heating 
surface per hour as ordinates. The top line shows the evaporation from 
the firebox, the lower ones from the 1st, 2nd, 3rd and 4th sections of 
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flues respectively. While on the \ 1 basis the 2nd section does more 
than the 1st and 3rd and the 4th less, you will see that as the rate of 
combustion increases the proportional difference becomes less important, 
in other words, the lines do not radiate. While neither the lines for flues 
or flrebox appear to run through the origin the heavy line amongst the 
flues is a vector passing through one-half of the evaporation from the 
flrebox at 120 pounds coal per square foot per hour and will be seen 
to very fairly represent the average result. In this connection I wish 
to call attention to the remarkable regularity of the results; while there 
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is evidently something peculiar about the last two tests the flaes ap- 
pearing to do the greater part of the work in one case and the firebox 
in the other, the results on the whole are excellent and show accurate 
and careful work. Another point worthy of attention is that there Is 
no indication of any large departure from straight line results in the 
vicinity of the points plotted. It would thus appear that if the tube 
heating surfaces be measured by the square root of its lengrth and 
divided by two, a value is obtained for the equivalent heating surface 
which may be considered as effective for producing purposes as the fire- 
box heating surface and should be a fairly accurate measure of the 
boiler capacity. If H be the actual heating surface of the flues, this 
II 

would be equal to when 1 is the length of the tubes in feet. 

2il 
Another consideration must, however, be taken into account, namely, 
the amount of heat subtracted by the firebox. There are many experi- 
ments that have shown that if the firebox is arranged so as not to take 
away the heat, more work is done by the flues. It is difficult to say, 
however, how much this is. In Fig. 3 I assume that with the propor- 
tions of the experimental boiler the firebox is unity, and in that case 
the firebox does 40 per cent of the total work and the flues 60 per cent. 
With no firebox how much more would the flues doP If there evapora- 
tion is measured in the proportion 60 to 80 they will take up half the 
work that the firebox did. If 60 to 90, three quarters and so on. What 
ever the fines do with the firebox doing nothing, it is probable will be 
done proportionally with the firebox varying in size. If this is true, 
the full lines show the total work done, the dotted lines the work done 
by the flues. It appeared to me that the line "a" would be the best 
approximation to adopt and in that case we should require a factor 

2 H 

tliat would make the equivalent of the surface — . — with no firebox, as 

3 V\ 

1 H 2 H 

against — . — when the firebox surface is—. , that is if F is firebox 

2 VI 3 2V\ 

H 
surface and A = — we wish the equivalent heating surface which may be 

called h to equal as follows: 

1 A 

Where F = —A, li = F H 

3 2 

2 
When F = O, h = — A 
8 

2 H F 
Or h = -f- — 

3 i/1 2 

which satisfies these requirements. This all appeared very logical to 
the writer and Fig. 4 shows the same classes of engines as previously 



Value of Heating Surface 



249 



c 

g SO 



JO 




ao 



Ffg. HL. 



^ 


h- 


*h 


&^ 


rs 
"T 
























y 


^^^ 




























/ 




\ 




w 




^ 


N, 




















\ 


-— 




^ 




s 






\ 


/ 




























\ 


/ 




zoo 
























































































fOO 






























































A 


I 


? i 


'* ^ 


■ / 


^* ' 


■ G 


h 


/ 




" <f 


^ <; 


A ^ 


T 



r/^.rr. 



250 



Proceedings Western Railway Club 



plotted taking the equivalent heating surface in place of the 
actual. This certainly equalizes matters ^eatly and will be found to 
do so in the case of any of our large modern engines. It will be seen 
that the E is one of the best of the engines and that the H are better 
than the A and B which agrees with our experience. While this method 
may not be absolutely right, yet I consider that as a measure of effec- 




Coal per Sq.Ff. G-rate per Hour 



30 mo 



tive heating surface this formula has some little value which must be 
my cause for explaining at this length its derivation on the hope that if 
it proves useful some of our members may assist in improving it. 1 
am not satisfied with the method of allowing for the variation in the 
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effect of the firebox surface but believe that the square root of the 
iength of the flues is the correct way to estimate their value. 

After testing this formula I thought it would be interesting to 
-analyze the experiments with half the flues stopped up and Fig. 5 shows 
information for this series similar to that shown in Fig. 2 for the 1st 
series. It will be seen that the square root rule holds exceedingly well 
-even when the evaporation per square foot is 75 per cent greater than in 
Fig. 2. There has been an increase in the evaporation of the firebox 
which is diflacult of explanation but a considerable increase in that from 
the flues. The question then arose "If in place of plotting with refer- 
ence to the coal burnt per square foot of grate surface per hour it was 
plotted with reference to the coal per square foot of heating surface 
per hour what difference would be shown by the decreased flue sur- 
face?" This is shown on Fig. 6, in which the evaporation per square 
foot of heating surface is plotted with reference to the coal burnt per 
square foot of heating surface per hour and the results are certainly 
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curious, the "X'* represent the tests with all flues, the "0" with half 
flues and the same line evidently flts both conditions. This would make 
it appear as if the amount of flue heating surface made no difference 
«o Fig. 7 shows the total water evaporated with reference to the amount 
of coal burnt per hour. The lower line shows the water evaporated 
from the flues, the upper that from both flues and firebox. I think that 
the accuracy of the experiments as indicated by the small variation in 
the results demands their consideration and it would appear that the 
heating surface has very little effect in the evaporation, in other words, 
the reduction in the water evaporated was a draft proposition and not 
one of heating surface, the obstruction due to the decreased flue area 
reducing the amount of coal burnt per hour but the decreased heating 
surface has no effect on the evaporation. It is evident that this state- 
ment has its limitations but it is worth seriously considering whether it 
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is not practically true. Heating surface can evaporate 40 to 60 lbs. of 
water per hour and may only be taxed to 4 or 5 so that if it is reduced 
it simply takes up more and while no doubt its increase leads to econ- 
omy, within reasonable limits it would have little efCect on the capacity. 
The thing to do is to burn the coal and get the heat and the heating 
surface will take it up. If this is true the most important ratio in an 
engine is that of the steam consumption to the grate area, or if T be 
the tractive force, D the diameter of drivers and A the grate area, the 
TD 

value of . This is plotted for the Lake Shore engines on Fig. 8, 

A 
and while not the only thing to be considered shows the importance 
of this relation. This ratio represents the pounds of coal burnt per 
square foot of grate per hour in the same way as B. D. or as I think it 

T D 
would better be expressed — . — represents the water evaporation. 

H S 
It shows the reason why the E can steam and why the Q is not satis- 
factory; that the limitation for passenger service should be between 
4 and 5 and for freight between 5 and 6. I believe this to be one of 
the most important ratios in the design of an engine and wish to. empha- 
size its advantage over that of heating surface to grate area which I 
believe useless and as giving no reliable information, apart from these 
experiments. 

It is not my desire to take the position that heating surface is of 
little value, certainly not on a solitary series of experiments carried out 
some years ago, but I have decidedly been led to think whether as a 
measure capacity the grate area is not the most important factor. It 
does not follow that it is wise to make the grate too large, a large 
grate does not necessarily mean coal burnt or burnt well, and it is coal 
burnt that is wanted. I have noticed on the J engines that if the grate 
area is used the engines are excellent steamers but that the grate area 
is frequently not used to burn coal evenly all over; a condition frequent 
with large engines with 50 or so square feet of grate. The physical 
limitations of the firemen must be reckoned with; but we should also 
watch the limitation of the grate and see that it is large enough to 
burn the coal required of it. Tn considering this question a number of 
facts have been explained to me by looking at heating surface in the 
light of these views, as, for instance, the action of engines in which 
we have decreased the number of flues, and the good steaming qualities 
of the P. R. R. class E2 engines which have far less heating surface 
than other engines of the same type and I have ventured to present 
these ideas to you in an immature condition, since while they have 
been more destructive than instructive to my present state of knowl- 
edge they are, I tnink, worth some consideration in our future boiler 
design. 
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Mb. II. H. X'augiian (C. P. Ry.): Gentlemen, I haven't very much to 
say in excuse of this paper, except that it refers to investigations that 
Ave went into in connection with the design of some passenger engines^ 
on which, while the boiler they were to have was exceedingly powerful,, 
we wish to be as positive as possible that the cylinders were not too- 
large to allow the engine to be a free steaming engine. The only way 
in which we are at present able to dttermine this is by making compari- 
sons between the ratios of the boiler capacity and the steam consumption 
on existing engines and it is n(cessary to use, in making these compari- 
sons, expressions for the boiler capacity and steam consumption respec- 
tively, which put those two factors on a fairly even basl9 on different 
types of engines, otherwise we are greatly restricted in the number of 
examples which we can employ as a basis of our comparison. I think 
the method shown in figure 1 of plotting ratios by classes, gives in a 
graphic way a very clear idea of the comparative figures for a large 
number of engines. Now, when plotting in this way the relation between 
the steam consumption of the engine, which is expressed by T. D., and 
the boiler capacity expressed in square feet of heating surface, I felt 
that we were not using a comparison which was of any value when ap- 
plied to different types of engines. The engines in which this ratio wa& 
low apd which therefore should, according to our generally accepted 
ideas, be good steaming engines, were not as good steamers as some of 
the older engines with shorter flues on which this ratio was considerably 
higher. I do not think there is any doubt but what the factor T. D. rep- 
resents the steam consumption of the engine very satisfactorily; it is not 
of course absolute, as it does not take into account whether the packing 
rings are tight or leaky, but it is a good comparative figure and we must 
therefore look for some better way of expressing the boiler capacity than 
by merely using the total square feet of heating surface. The formula 
developed in this paper represents an attempt to do this. The description 
of this formula may look a little complicated, but I think if it is studied 
carefully it will be seen to be comparatively logical. We know that there 
is a great difference between the evaporation in the first few feet of the 
tube and the last few feet; that proves that the length of the tube, or 
in other words, the actual number of square feet of heating surface in it 
is not entirely a fair measure of its evaporative capacity. I have em- 
ployed in place of the length, the square root of the length. It is possible 
that this is not entirely accurate, but we do know that it is probably far 
more accurate than using simply the length and you see that by the 
analyses of the Petiet experiments, which correspond very closely with 
the actual results obtained in those tests. If the tube heating surface 
were all that went to make up a boiler, this change would be sufficient, 
but we have frequently heard the statement that the firebox is the biggest 
part of the boiler, and I believe this to be true. Now the firebox is not 
nearly as large in comparison to the boilers in modern engines as it 
used to be in those built 10 to 12 years ago, and it does not look rational 
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to assume, as we have been doing, that one square foot of heating 
surface has ,the value of one square foot whether it is in the fire- 
box or the front end of the tubes The question arises, how are 
we going to allow for the difference in value between firebox heating 
surface and tube heating surface, and I have attempted to do this by 
noting that the boiler used in the Petiet .test was of very closely the 
average design of our older engines, that is to say the proportions be- 
tween the tube heating surface, firebox heating surface and grate area 
were such as we commonly employed in regular American practice; in 
those experiments also when the tube heating surface is expressed by 
multiplying the circumference of the tubes by the square root of their 
length we find that each equivalent square foot of heating surface was 
equal in evaporative capacity to 1 square foot of firebox heating sur- 
face, so that if we divide the figure arrived at for equivalent heating 
surface, by 2, we should express it in firebox heating surface. The next 
point to be considered is that as the firebox grows smaller and smaller 
in proportion to the heat developed by the fire, it absorbs less of that 
heat and more must be taken up by the tubes. Now, if the formula 
derived from what I call the equivalent heating surface of a boiler by 
these methods is applied to the same engines which give unsatisfactory- 
comparisons under the old system, we find that the comparisons obtained 
are satisfactory and that the ratio T. D. divided by h, where h is the 
equivalent heating surface, represents fairly well whether the engine 
for which it is calculated is a good steamer or not. With reference to 
the latter portion of the paper, it has occurred to me from the facts 
brought out in connection with the Petiet tests, that perhaps the whoie 
question erf steaming capacity is more complicated than we have so far 
thought it to be, and that our ideas upon heating surface should be some- 
what modified; given, for example, a certain number of pounds per hour 
being burned properly on a grate, a certain amount of heat will be given 
off. If there were only 1 square foot of heating surface in the boiler it 
would probably evaporate 60 lbs. of water per hour and the rest of the 
heat would be wasted. If there were 2 square feet you would evaporate 
120 lbs. per hour, and each additional square foot of heating surface 
would evaporate the same amount. After a time, howevei-, the addition 
of a square foot would mean not 60 lbs. of water evaporated, but a 
smaller figure. (The speaker endeavored to explain this more clearly at 
the meeting, but was unable to make a diagram illustrating his ideas 
owing to there being no blackboard. The diagram has been sent by him 
since with a request that it be incorporated to illustrate his views and 
his remarks have been modified accordingly. See Figure 9.) This can 
be illustrated more clearly. Suppose that we have a given amount given 
off by the coal, and that on this diagram we plot the percentage of the 
heat utilized in evaporating the water on the vertical lines, and the 
square feet of heating surface on tlie horizontal lines; the dotted line 
represents the amount of heat that would be utilized, supposing each 
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square foot of heating surface added to evaporate as much water as 
the first square foot. The full line represents more closely what actually 
takes place, showing the gradual diminution at the rate at which water 
is evaporated per square foot as we increase the total amount of heating 
surface. According to this, after we have passed the point A on the dia- 
gram, doubling the amount of heating surface would only increase by 
a small amount the water evaporated; and if we assume the average 
locomotive to be at about the point B, we can understand why quite 
a considerable difference in heating surface will not affect very largely 
the steaming capacity of the engine, provided it is not decreased in such 
a way as to affect the amount of coal that can be properly burned. The 
tjuestion of the amount of coal that can be burned, apart from the fire- 
man, depends on the draft on the front end which, in its turn, varies 
with the back pressure and the pounds of steam discharged per hour; it 
also depends upon tlie ash pan opening, the resistance of the fire, on the 
grate, the flue area and the obstructions in the front end. Now suppose^ that 
an engine is a good steaming engine, with a fair fireman, decrease the 
ash pan opening considerably to burn the same amoimt of coal and evap- 
orate the same amount of water, you will have to apply a smaller nozzle 
so as to obtain the necessary draft to overcome the increased resistance 
of the air entering the ash pan. This means more back pressure and a 
greater steam consumption to do the same amount of work, so that it 
will be actually necessary to evaporate more water and burn more coal 
than was the case previously. The same reasoning would apply to a 
change in flue area or to the poorer diaphragm arrangement in the front 
end. Now, if a decreased nozzle burns sufficient coal to furnish the addi- 
tional amount of steam required under these conditions, that engine 
would still be a good steamer; but if tlie amount of reduction required 
is so great that the additional steam consumption more than overcomes 
the additional coal burned, you have a condition where the engine 
changes from a good steamer into a poor steamer. You will, no doubt, 
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say that engines are not nearly as sensitive as this, but we must con- 
sider the fireman in this proposition. If the engine had originally been 
a good steamer with a comparatively thick fire, the change in the dia- 
phragm or in the ash pan could have been overcome by the fireman 
carrying a thinner fire and reducing the resistance at the grate suf- 
ficiently to still allow the original amount of draft in the front end to 
burn the same amount of coal. This change might, however, have been 
made at the expense of the economy of the engine and you have a 
condition which frequently obtains, viz., that an engin6 is a good steiamer 
when carefully fired, but is liable to give trouble without such attention. 
I do not think the data is as yet at hand to formulate this point of view 
about the locomotive, but I believe if we could get down to facts on this 
subject we could put the question of steaming capacity of- locomotives 
on a thoroughly sound basis, and we should find that the amount of 
heating surface made but little difference in our calculations. 

The Chairman: The secretary has some communications which he 
will read. 

The Secretary: Mr. Chairman, I have one communication from Mr. 
William Forsyth. 

Mb. Wm. Forsyth (Railway Age) : In Mr. Vaughan's study 
of the subject he concludes that in the large locomotives 
built in 1903 the rate of evaporation per square foot of heat- 
ing surface is not the same as in older locomotives where the propor- 
tion of tube heating surface was smaller. He then endeavors to find a 
measure of the actual value of heating surface of tubes of various 
lengths, and proposes a formula which will give the equated heating 
surface of firebox and tubes which will take account of different ratios 
of tubes and firebox surface. To determine the equated value of tubes 
of different lengths he uses the data obtained in the experiments by M. 
Petiet on the Northern Railway of France in 1865, and from them con- 
cludes that the evaporation per square foot of tubes of any length is the 
same if the square root of the length is taken, instead of actual length, 
and if this be divided by two, a value is obtained which is equivalent 
to the same area of firebox heating surface. 

While the author is not satisfied with the method of allowing for 
the variations in the ratio of firebox and tube heating surface, he be- 
lieves that the square root of the length of tubes is the correct way to 
estimate their value in evaporating capacity. 

It would be a matter of great satisfaction if locomotive designers 
were sure that this is correct, but there is nothing in the regular per- 
formance of locomotives to confirm it, and no experiments have been 
made which are adequate to a proper proof of the correctness of the 
hypothesis. In fact, there are good reasons for believing that the law 
cannot have general application, as the efficiency of tube heating surface 
depends much on the spacing of tubes as well as their length, as has 
been shown in the marked change in the number of tubes and reduc- 
tion in total heating surface in recent engines where the spacing of 
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tubes has Ihmmi lar^foly incn^nsed and where equal boiler capacity is 
oxpoc-tcHl from a roduc(»d tube surface. The author calls attention to 
the j^ood steaiainp: qualities of the Pennsylvania Railroad Class E-2 
enj^ines, wlilch have nearly 1,000 square feet less total heating surface 
than other engines of the same type, size and weight. This is not due 
primarily to the fjut that the Pennsylvania Railroad engines have a less 
number of tulx^s or less heating surface, but because the tube surface 
is fav()rnl>ly disposed (in its wide spacing) for maximum efficiency. 

The formula cannot have sentTal application to passenger and freight 
locomotives, for it is well known that the efficiency of tube heating sur- 
fac(» depends upon the p(»riod of contact of the hot gases with the tube 
surface and the velocity of the gas current is, therefore, to be consid- 
ered in measuring tube efficiency. The greater the velocity the longer 
should be the tube, and for conditions found in very fast express loco- 
motives, it is not possible to use a tube long enough to obtain the 
maximum theoretieal efficiency. The value of long tubes for such service 
is shown in their successful and continued use in recent passenger loco- 
motives of the Pacific type, while they would not prove so efficient in 
freight engines. 

It may be said that the proposed square-root law should apply to 
hollers having tubes of the same diameter, having the same spacing, 
but different lengths. For any evidence of the correctness of this appli- 
cation we must depend upon the results of special experiments, and the 
absence of any such work in recent years compels the author to refer 
to the work of M. Petiet in 1865, and he states that he Is not informed 
as to the objections that have been made to Petiet's experiments. The 
description of these experiments as given in D. K. Clark's **Steam En- 
gine," shows that the barrel of the boiler was made up of four separate 
drums, each about 3 feet long, and each closed with tube plates. These 
were bolted together, so as to be steam tight, and thus made up the 
boiler barrel 12 feet long. The firebox and each of these sections was 
fed from a gauged tank by special pumps and the water levels were 
maintained strictly uniform. It is in this unusual construction and 
method of conducting the experiment that the most serious sources of 
error occurred. The circulation of Avater in a boiler made up in this 
way is entirely different from that in one as generally used, and the 
efficiency of the heating surface in the different compartments must 
have been affected by the rate of water circulation. In the firebox 
where heat was intense the ^vater boiled violently and set up active cir- 
culation, which, in turn, increased the» evaporation per unit of surface, 
and tliis showed a very high efficiency in that section. In the different 
tube sections the temperatures of the gases decreased toward the front 
and with it the intensity of the ebullition, and in the front section the 
circulation must have been very sluggish and more so than in a normal 
boiler without partitions, which tended to decrease the evaporative 
efficiency per unit of surface. It is true that this tendency axists in 
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a regular boiler without vertical partitions, but it still has the advantage 
of the average circulation of the whole boiler, the water flowing rapidly 
from front tube sheet to firebox to supply that which is being rapidly 
converted into steam passing off through the throttle. The test boiler 
of M. Petiet did not, therefore, represent actual conditions in regard to 
water circulation, and, in fact, its artificial arrangement tended greatly 
to aggravate the very change in rate of evaporation which he wished 
to measure. His results cannot be accepted as suflBciently accurate to 
serve for the basis of a formula intended to equate the heating surface 
of tubes of various lengths. The experiments of Yarrow and Thornycroft 
and others have shown that the efficiency of heating surface depends 
upon the velocity of water current, and that maximum efficiency can only 
be obtained by forced circulation by mechanical means. It is for these 
reasons that we must disregard the results of M. Petiet's experiment and 
also those of M. Henry (which were made in the same kind of a boiler 
as late as 1889) in the effort to find a general expression for the actual 
value of boiler heating surface. 

The Secretary: I also have a communication, Mr. Chairmau, from 
Mr. Lawford H. Fry, who read a paper on the same subject before the 
New York Railway Club last September, to which Mr. Vaughan refers. 

Mr. Lawford H. Fry (Baldwin Locomotive Works) : I am glad to see 
that Mr. Vaughan calls attention to the fact that the factor B D meas- 
ures the amount of water which must be evaporated per square foot of 
heating surface. This view of the factor gives probably the* clearest 
idea of its real meaning. When two locomotives are working under 
similar conditions the demand for steam made by the cylinders on the 
boiler is in each case directly proportional to the value of B D. It has 
occurred to me that it might be well to use the term Boiler Demand fac- 
tor as a correct name for the factor B D, and one which would provide 
a link between the name and the property of the factor. In my paper, 
read before the New York Railroad Club last September, I pointed out 
that the factor B D could only be used as giving accurate comparisons 
between locomotives having boilers of similar design. Mr. Vaughan now 
points the way to a wider and more accurate method of comparing the 
steam-making capacity of boilers of various designs. I am much inter- 
«3Sted by Mr. Vaughan 's conclusions, as I have been attacking the same 
problem from another direction and have come to much the same re- 
sults. There appears to be only one point to be questioned, and that is 
the constant used to take account of the firebox heating surface. It is 
undoubtedly true that in the flues the heat absorbed is very, nearly pro- 
portional to the square root of the distance traveled by the gases; but is 
it safe to assume that the formula given at the bottom of page 5 holds 
for any boiler beside that on which M. Petiet's tests were madeP Mr. 
Vaughan's paper gave me a clue which, in connection with some work already 
begun, has given the following formula for the evaporative power of a locomo- 
tive boiler: 

V = 180 G.+ 40 ^ ^V^ 
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V = Water evaporated by the boiler per hour, in pounds. 

G = Grate area lu square feet. 

S = Total beating surface, flrel)ox and tubes, in square feet. 

St ^Heating surface of tubes. 

L = length of tubes in feet. 

Sf = Heating surface of firebox. 

I regret that lack of time prevents nie submitting for the criticism 
of the Western Kailroad Club the full details of the developmetnt of the 
formula, but 1 <)ff(»r for consideration the form of the expression and the 
following general principles on which it is l)ased: 

'J'he heat generated on the grate is carried to, the heating surface 
in two waj's: Firstly, by direct radiation from the glowing coal, and 
secondly, by the heated pises produeeil during combustion. The ^ radi- 
ated heat cannot be taken up except by the firel>ox heating surface. The 
heat carried by the gases is transferred by them to both the firebox and 
the tube surfaces. IHn'let's formula given in "The Steam Engine*' by 
1). K. Clark, enables one to calculate the respective amounts of heat 
taken from the grate by radiation and by the hot gases. 

if coal of about 14,900. B. T. U. is burnt at the rate of 130 pounds 
per square foot of grate per hour, it will be found that of the heat gen- 
erated 16 per cent is radiated and 84 per cent is carried off by the 
hot gases, the temperature at the tire surface being about 1785 deg. F. 
riie heat radiated per square foot of grate .surface figures out at suf- 
ficient to evaporate 201 pounds of water per hour from 60 deg. F. to 
180 pounds boiler pressure. This gives the first, term of the formula, the 
constant being reduced 10 per cent from 201 to 180 to give conserva- 
tive figures. The first term, 180 G, takes account of the water evap- 

8. St . 

orated by the radiated heat. The secoun term, 40 \' , is designed to 

Li 
take account of the evaporation due to the heat carried by the gases. 
This heat is transferred to the firebox and to the tube heating surface, 
the amount absorbed being nearly proportional to the square root of the 
distance traveled by the, gases, it appears proper to treat the firebox 
surface as if It had the same section as the flues. That is to say, to 
use for the length of the firebox that length which the same amount of 

Sf L 

Heating Surface in the flues would have. This length, is , so that 

St 
Sf L 
the whole length is, L -| ; this gives as the effective heating sur- 

St 

face ^ ^ — - Now with combustion conditions as assumed above and a 

boiler of average dimensions, it is found that each square foot of effec- 
tive lieating surface will absorb snflScient fieat to evaporate 40 pounds 
of water per hour. The total evaporative power of the. boiler is then 
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found by combining the two expressions into the form given above. ,The 
following table shows the application of the formula to 3 locomotives. 
The results given appear reasonable. It is quite probable that the con- 
stants in the formula will require some readjustment by comparison 
with the results of actual tests. Since obtaining the formula I have, not 
bad time to make any extended comparison with test figures: 

1. 2. 3. 

Heating surface tubes St 2914 sq. ft. 2225 sq. ft. 2734 sq. ft. 

Heating surface firebox Sf 141 " 135. 5 " 169 

Heating surface total S 3055 " 2360.5 " 2903 

Grate area G 42.0 " 33.0 " 46.5 '* 

Length of tubes L 18'3}i" 13'0" 15'0" 

Waterperhourby formula. V 35,350 lbs. 31,400 lbs. 37,460 lbs. 

Waterpersq.ft.ofheat.surf.I 11.75 " 12.85 " 12.9 " 

s 

The last line of the table is obtained by dividing the calculated water 
by the total heating surface. 

The figures obtained above for the amount of heat radiated from the 
fire suggest an explanation of the trouble experienced with wide fire- 
boxes having a heating surface small in comparison to the grate area. 
The amount of radiant heat depends on the area of the grate, and must 
all be absorbed by the firebox surface irrespective of size. Taking the 
Lake Shore engines described by Mr. Vaughan, considerable difference 
will be found in the duty required of the firebox surface. The ^Q-4 
engines have 9.4 square feet of heating surface to each square foot of 
grate; so that if each foot of grate radiates enough heat to evaporate 
180 pounds of water, each foot of firebox surface will absorb enough to 
evaporate 19.2 pounds per hour. The class J engines have only 3.9 
square, feet of firebox per foot of grate, so that the firebox evaporation 
from radiated heat will amount to 46.2 pounds per hour. It would be 
interesting to know how the two fireboxes compare in service. 

The Secretary: Those are the only communications, Mr. Chairman. 

The Chairman: The papers are before you for discussion, gen- 
tlemen. 

Mr. C. a. SET.EY (C, R. I. & P. Ry.) : Mr. Chairman, I can't say very 
much about the paper at this time, except to commend it as a very good 
contribution to the science of locomotive engineering. It is too deep 
for. criticism with the limited time I have had for its examination. How 
far we have lost in most effective heating surface in making fireboxes 
shallower, as is necessitated in many modern designs, is shown by the 
loss of efficiency which this paper enables us to gauge more accurately 
than heretofore. The subject is one requiring much study, and I must 
confess that I am not in shape to discuss it further. 

Mb. F. H. Clark (C, B. & Q. Ry.): As Mr. Seley has said, the paper 
needs a, great deal of study to enable one to intelligently discuss it. It 
treats of a very important matter and one that we have all had to 
think of more or less, especially as on our recent engines we are get- 
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tiug^ longer tubes niul more of tbeui. 1 believe he is entirely correct in 
the idea that we have attached too uiuch value to heating surface, espe- 
cially to tube beating surface, and in some cases we have got too many 
tubes in our lioilers to get satisfactory results from them. 1 don't know 
al>out the matter of grate area— 1 have not given that any particular 
consicb'ration in this connection — but one thing that we have considered, 
and on which we liave <'ome to a con<'lusion, is the matter of circulation. 
1 feel that we have paid too much attention to the amount of heating 
surface and not enough to the freedom of circulation in the boilers, and 
tliat in many instan<'es we actually gain by taking out a number of 
tubes. We have gone as far as 10 or 12 per cent in reducing the number 
of tul>es in our later engines with very good results; tlie cng-iues not 
only steam as well or better and are just as economical, but we get a 
much better circulation and reduced flue failures. I am very glad, there- 
fore, that Mr. Vaughan has brought the matter up in the way he has, 
and (juestioned the value of the verj' large heating surfaces we have. 
1 think he is on the right track. 

The Cuaikman: Is there any further discussion? If not, we will 
ask Mr. Vaughan to reply to these remarks, if ho desires. 

Mr. ^'AUonA^•: I wish Mr. Forsyth were here so that I could make 
a little better answer to his remarks. Mr. Forsyth says that there is 
nothing in the regular performance of engines to confirm what I have 
said. Well, what I have said is based on the regular performance of 
engines, it is based upon the performance of engines with which I am 
familiar, and it would appear to me that the value of the formula is 
proved by the fact that it does give results in comparison with the actual 
results in service. No formula can do more than that, and 1 have no 
hesitancy in stating that while the one I suggest may not be perfect, 
it is safe to, use it with the feeling that you can depend on the results 
you obtain from it far more closely than you can from the results 
obtained from our previous methods. Mr. Forsyth refers to the spacing 
of the tubes; no doubt this is a factor and one that is not taken into 
account in the formula. I would also state that I have not taken into 
account the question of whether there is any fire in the boiler or not; 
I have not taken into account the amount of grate area in the formula 
for heating surface,, and have not attempted to take into account all the 
variations possible in a locomotive boiler. I have simply tried to allow 
for variations in length of flues and proportion of firebox heating sur- 
face so as to bring boilers of these different t^'pes down to the same 
basis so far as heating surface is concerned. Mr. Forsyth states that 
the good steaming qualities of the P. R. R. engines are due to their, tube 
spacing. I do not think tliat ^Ir. Forsyth has any right to more than an 
opinion on this subject. T do not wish to minimize the importance of 
this flue spacing, but I do not think the question is in such a condition 
that any one has a right to make a positive statement with reference 
to it. On the Lake Shore we made some experiments on this subject 
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which are quite Interesting. The class J engines originally had 2i4-inch 
flues, 3-inch centers; in order to obtain a wider bridge we built two 
engines having 2-inch flues, on. the same centers. Tliere are also eight 
other engines having 2-inch flues, 2%-inch centers. There is no doubt 
that the engines having 2-inch flues and 3-inch centers were the poorest 
steamers of the lot, and the engines having the 2^-inch flues were the 
best steamers, although they had less Jieating surface and the same 
bridge as the engines having 2-inch flues and 2%'-inch centers. In fact, 
Mr. Ball has told me that on their next engines they will go back to 
the 2^-inch flues. I explain this by the fact that the changes from 
214-iiich to 2-inch flues decreased the flue area considerably, and that in 
order to burn sufficient coal it was necessary to contract the nozzle. 
In fact, with the engines having 2-inch flues and 3-inch centers we had 
to run the nozzle ^^ inch smaller than on other engines. I have compared 
the relations between the flue area on these different engines and their 
steam consumption with the two conditions in M. Petiet's experiments 
in, which all the flues and part of the flues were in use, and find that 
on the basis of his tests the engines having 2-inch flues and 3 -inch cen- 
ters would burn 10 per cent less coal with the same draft than the 
engines having 2^-incli flues, and I think you can safely assume this 
is very closely what took place. Mr. Forsyth refers to the continued 
use of long flues in the Pacific type passenger locomotives. I would 
simply state that if Mr. Forsyth can suggest any successful method of 
building Pacific type passenger engines without long flues, he will give 
the railroad world some much desir<3d information. Mr. Forsyth also 
criticizes the Petiet experiments on account of the lack of circulation, 
and I realize that there is something in this criticism, but he does not 
suggest any method by which such results can be obtained which would 
be free from this objection, and, for my part, I do not see how it would 
be possible to do so without very great expense. I am also very doubt- 
ful whether tlie conditions in the boiler are not so closely comparative 
with those in the Petiet experiments that we can use the latter as an 
indication of evaporation in the boiler without very serious error, and 
you must remember that the chief point at issue is not whether the 
square root length is right, but whether it is more nearly right than the 
actual length, and 1 believe that the results that I have shown you by 
using this factor on actual engines prove that it is, and it is now some- 
body else's part to give us a better one. I (To not think that Mr. Forsyth 
is justified in stating that we must all discard the experiments that I refer 
to simply because he is not entirely satisfied with the conditions under 
which they were carried out. If you like, you can forget all about these 
experiments and assume that the formula I have proposed is entirely 
empirical; the fact is, that it gives you the results you want, and that is 
all I am interested in. T would state that I am very much interested 
in this subject, and that the only way, in my mind, to settle whether 
this formula is correct is to compare the results obtained by using it 
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on cti)j:ino8 In servlco, with their actual performance. I would be very 
kIhcI if our members would plot for their own engines the ratios I have 
shown in the diai^ninis in my paper and let mc have a copy of them, 
and 1 shall talce groat pleasure in acting as an Intermediary in collating 
these results. 

Mr. (I^rk: Mr. Cliairman, I don't want to be understood as favor- 
ing what miglit perhaps be called an excessively wide bridge. We at 
one time tried some exp*M*iments similar to those Mr. Vaughan speaks 
of, and I think in applying now tube sheets we put in about the same 
number of 2-inoh tu])e8 that we had of 2Vt-inch tubes before. The results 
were ;iot at all satisfactory. I am rather inclined to think that a bridge 
of % to % inch is wide enough. We have a great many engines run- 
ning witli %-incIi bridges, quite a number 11-16-inch and a few of %- 
inch and I don't fool that wo need go any further in that direction. But 
what I had in mind when I got up before was the lack of space in many 
Ijoilers between the tube and tlie shell. I know that we have in past 
years tried to '^et in as many tubes as we could. We would space them 
out aH close to the flange of the tube sheets as we dared, and the result 
was we got so many in that we hadn't room between the tubes and the 
shell to permit of proper circulation. We find now that by taking out 
a few of the outside tubes and increasing the space to 4 or 5 inches, we 
get very much better results, and without any change in spacing the 
tubes. 

Mr. Jas. F. DeVoy (M. E., C, M. & St. P. Ry.) : Mr. Chah-man, will 
you pardon me at this time for taking this up, but I have been working 
along this line for some little time. I was interested in Mr. Vaughan's 
remarks as to what he would do to apply the rules to the modern loco- 
motive. I am quite familiar with the Lake Shore J engines, having 
worked on them at the time they were beting designed, and I am now 
working up or have under consideration means to overcome some of 
what I believe to be the defects. I would speak first of the length of 
the flues. 1 think we can get a flue, for instance, 16 feet 6 inches long, 
instead of 19 feet and 20 feet, which are the case in the later engines 
of the Lake Shore, but in order to do this and maintain the heating sur- 
face of the flues I believe that it would be better to set the flues higher; 
that is, nearer the dry pipe. The objection has always been against 
putting flues higher in the boiler, that the steam space was destroyed. 
Now,, I propose to go on up with a wagon-top of boiler, that is, provide 
for more steam space; we will put the offset 5 inches instead of 2^, 
which is the case with the J engines. This will bring another objec- 
tion, and in, this manner it will bring the center of gravity of the boiler 
or the engine higher. In order to overcome that we must bring the 
grate lower. I contend that the 54-inch trailer today used on nearly 
all of the, Atlantic type engines (they run as low as 42 inches) will be 
brought down to a 33-inch, or not more than a 30-inch wheel, which will 
make it the size of the wheel under the forward truck. I see no objec- 
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tiou to that. My reason for doiug that is to bring the firebox down 
lower, that is, , bring it down right where we started from. I contend 
we are entirely too high and that we have gone to a too shallow firebox, 
that is, it sets up too far; bring the mud ring of the boiler down so that 
you are 12 to 14 inches below the top of the frame. In order to do this 
it would be necessary to go to a narrow firebox. In order to maintain 
the grate surface it will be necessary that the throat sheet of the boiler 
extend forward to about the center of the rear driver. I speak now of 
the Pacific type engine. Instead of a wide firebox, with a sloped throat 
sheet coming back over the rear of the drivers, that you set it ahead 
uiid drop it down just as close to the back pedestal as possible, carrying 
the boiler down just as low as possible, and get over a 33-inch trailer. 
This will necessitate a longer firebox. In order to get 10 or 12 inches* 
off the length of the firebox, for instance, a 10-foot firebox, 120 inches, 
I would make that 6 or 8 inches longer, and in order to shorten up the 
space in which the fireman shall throw his coal, that we might overcome 
the old objection that a man can't fire a 10-foot or 10-foot 6-inch firebox, 
that the back head of the boiler shall be sloped about 1 inch in 5, placing 
the door, the firing door, about 10 inches higher than it was, 
that is, 10 inches higher in the new design than what it was in the old. 
My reason for that is that the back end of the boiler shall slope about 
in that shape, about that position (indicating), that represents the grate 
(indicating). We will put the door up here, within about 10 or 11 inches 
of where the man has got to throw the coal. 

Now, I have tried to apply these rules, and in going over them, 
these are the things tliat I met with. I believe that a successful engine 
will yet be designed, and that we are going right back to where we 
stnrt**d from, that is, to a narrow firebox, a longer one, and try to 
shorten up the firing space and shorten up the fine. I don't believe that 
a flue 20 feet long pays for itself; that is, I mean the last two or three 
feet aftor you have passed 16 feet. In experiments in a test that I con- 
ducted some years ago with a flue 15 feet long, the average temperature 
of the gases in the smoke box was about 567 deg.— it was as low as 
440 deg. Now with steam at 200 lbs. pressure, I think you will find it 
390 deg. or something near that, and I say that the steam generated at 
that point does not pay for the effort We shall go back— we shall 
shorten our fines in that manner. 

I don't know that this just applies to Mr. Vaughan's paper, but it 
is simply what I have been working nt along those lines in my own 
mind. 

The Chairman: Are there any further remarks? Mr. Vaughan, do 
you wish to reply? 

Mk. Vaughan: No, sir. 

The Chatkman: If there are no further remarks, we will close the 
discussion on this paper. 

We have been considerably delayed on account of our having too 
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much lljrht for tlie Ht('reoi)ti(*oii v1«»wr. We will see now If the arrange- 
ineiitB tire <*onii)leted so that we can hare the lecture on the ''Steam 
Turbine.*' I take pleaHure in introducing Mr. C. G. Y. King, of the Com- 
monwealtli Ele<'tric Conipanj'. 

The Secretary: Owing to the fnct that it is Impossible to get 
copies of the illuHtrationn thrown on the screen for reproduction in the 
procetHlingK, Mr. King*R inten^Hting talk must be omitted from our pro- 
ct'tMlingH. It iH witli much regret that it is necessary to do this. 

Ailjonriied. 
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The regular meeting of the Western Railway Club was held at the 
Auditorium Hotel on Tuesday, May 17, 1904, President D. F. Crawford 
in the chair. The meeting was called to order at 2:30 p. m. 

Among those present, the following were registered: 



Anderson, Geo. T. 
Averill, E. A. 
Barnum, M. K. 
Bell, J. M. 
Bennett, F. F. 
Bischoff, G. A. 
Bodler, O. W. 
Brooks, P. R. 
Brown, R, L. 
Carney, J. A. 
Coffin, G. B. 
Cooke, M. J. 
Cota, A. J. 
Cross, C. W. 
Grossman, W. D. 
Gushing, Geo. W. 
Deming, H. V. 
DeRemer, W. L. 
Duntley, J. W. 
Duntley, W. O. 
Eames E. A. 
Edwards, F. W. 
Fergusson, H. O. 
Fogg, J. W. 
Forsyth, A. 
Fry, Jr., C. H. 
Fury, F. W. 



Garrett, M. A. 
Gilbert, E. A. 
Goehrs, W. H. 
Gold, E. H. 
Hagar, G. A. 
Haig, M. H. 
Harris, E. K. 
Harty. J. W. 
Hill, Jas. W. 
Holdredge, C. B. 
Hooven, A. E. 
Humphrey, A. L. 
Jackson, Thos. 
Keeler, Sanford 
Kirby, T. B. 
Kucher, T. N. 
LaRue, H. 
Lewis, B. T. 
Linn, H. R. 
Maher, P. 
McAlpine, A. R. 
Markle, J. R. 
Meek, J. E. 
Mellon, W. P. 
Menzel, W. G. 
Midgley, S. W. 
Morison, G. D. 



Mylett, Jas. 
Noble, L, G. 
O'Herin, Wm. 
Otis, Spencer 
Otley, B. F. 
Parish, Le. Grand 
Parker, W, R. 
Patterson, J. B. 
Peck, P. H. 
Replogle, J. L. 
Ross, Mark A. 
Sargent, F. W. 
Senger, J. W. 
Shantz, 0. S. 
Sherman, L. B. 
Schroyer, C. A. 
Smith, R. D. 
Stimson, 0. M. 
Sullivan, C. L. 
Symington, E. H. 
Taylor, Jos. W. 
Templeton, W. S. 
Thurnauer, Gustav. 
Vissering, Harry 
Walker, Chas. W. 
Webb, E. R. 
Webster, H. D. 
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Wlckershnm, R. S. Wood, G. S. Younglove, J. C. 

Wilson, G. E. Young, C. B. Zeleny, Frank 

Wilson, G. L. 

President Crawford: The first business is the approval of the min- 
utes of the lust meeting, and If thiere is no objections, they will stand 
as printed. 

Next is the report on membership. 

The Secretary then read the following report: 

Membership, April, 1904 1,085 

Resigned, G. L. Olhausen, Jas. A. Britt 2 

New members approved by Board of Directors ^ 8 



1,091 
NEW MEMBERS. 

NAME. OCCUPATION AND ADDRESS. PROPOSED BY, 

Frank N. Kneas, Cambria Steel CJo., Chicago J. L. Keplogle. 

N. L. Moon, T. M., Dela. ft Hudson Co., Carbondale, Pa.M. £. Johns. 

W. E. New, G. F., C, R. I. ft P. Ry., Trenton, Mo A. T. Cunnhigham. 

T. E. Kpler, Genl. Shop Insp., L. S. ft M. S. Ry., 

Collingwood, Ohio LeGrand {Parish. 

T. H. Goodnow, C. C, L. S. ft M. S. Ry. Shops, Chicago 

LeGrand Parish. 

C. A. Carscadin, Monarch Coupler Co., Chicago A. L. Humphrey. 

Chas. Shults, Nathan Mfg. Co., New York Sanford Keeler. 

K. D. Hequembourg, Franklin Ry. Supply Co., Frank- 
lin, Pa W. J. Cooke. 

President Crawford: Next will be the paper on "Steel Axles," by 
J. L. Replogle, of the Cambria Steel Company. 

Mr. Replogle: Mr. President and Gentlemen of the Western Rail- 
way Club: It was with considerable trepidation that we accepted an 
invitation to read a paper on steel axles this afternoon. We realized 
we were talking to men of experience in this line and we naturally felt 
some hesitancy in talking to you on this subject. We are a nation of 
specialists, however, and it Is but reasonable to assume that any man 
who applies himself almost constantly to this, or any other particular 
subject, might learn some things regarding which, the railroad man 
with his many other cares and troubles could not familiarize himself. 
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STEEL AXLES. 



By J. L. Replogle, Supt. Forge and Axle Dept., Cambria Steel CJo. 

Can too much importance be attached to this, the most important 
part of the rolling stock of the railroad systems of today? 

Which other portion of the car or locomotive has more important 
functions to perform than the axle? 

Upon which other portion does the protection of life and property 
depend to so great an extent as it does upon the axle? 

Upon the care with which its proportions are calculated, its ffhape 
designed and its manufacture carried out depends, to a great extent, 
the successful working of the rolling stock and the transportation of 
the products of our country. 

The railroads of a country are indicative of its strength, resources 
and importance. Has any one thing been more responsible for our com- 
mercial supremacy than the excellence of our railroad systems and the 
men to whom the high degree of efficiency found therein is due? 

In, which other country do we see solid trains of cars, the lading 
of each of which approximates, and may exceed, the marked capacity 
of 50 tons? 

Would this condition have been possible without the substitution 
in the working parts, of metal with greater strength, tenacity and re- 
siliency than unreliable iron of low elasticity and tensile strength? 

The comparative merits of steel and iron for car axles is a ques- 
tion which has engrossed the attention of railroad officials and axle 
makers for many years. We feel justified in saying that the experi- 
ence of these years has demonstrated that ^eel is superior to iron for 
this purpose, not only on account of its greater power of resistance 
against the shocks and vibrations to which it is subjected in service, 
but also on account of its greater wearing properties, the friction being 
less than in the iron axle, where lack of sufficient heat, presence of 
scale, ox other conditions often prevent perfect adhesion of the various 
constituent parts. Even a perfectly welded iron axle will not allow the 
high polish and minimum amount of friction obtainable in the steel 
axle of the proper composition. 

Our secretary, Mr. Taylor, has suggested that we divide our paper 
into sub-heads, as follows: 

A— Method of manufacture. 

B — Our opinion as to best specification, chemically and physically, 
and a review of the present Master Car Builders' specifications. 

C— What we have found as a result of the examination of broken 
axles. 

METHOD OF MANUFACTURE. 

A— In the early days of steel axles, the steel maker had difficulty 
in proving the superiority of his product, as there were numerous break- 
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ages in Bervice for which he could not account, h\g chemical analysis 
indicating that the elements were of the proper proportion to the evi- 
dent requirements of the purpose. In looking for the cause, he found 
that while his light hammers of probably 2,000 pounds falling weight 
were sufficiently powerful for building up iron bars probably one to two 
inches thick into an axle of approximately 5^ inches diameter, it was 
entirely inadequate for forging steel axles, as steel, not possessing the 
welding properties of iron, could not be forged in the same manner. 

Instead of building up from bars one to two inches thick, he was 
compelled to reverse the method, and hammer down from a billet about 
twice the size his finished forging should be. 

His hammer not being sufficiently powerful to penetrate throughout 
the mass, did not give the axle that homogeneous structure so essential 
in a forging subject to the heavy alternating stresses which a car axle 
undergoes in service. The internal condition of his axle was revealed 
to him by the end of his rough forging, which was a deep concave, 
showing that the surface metal only had expanded and that the inner 
portion had not received the proper working and consequent homogenity 
of structure which he desired. It also showed inclination to *'pipe.** 

He appreciated his position and promptly strengthened it by the 
installation of heavier hammers of about three times the weight for- 
merly used. While he immediately saw a distinct improvement in his 
forging (the end now being convex, indicating that the inner portion had 
received proper attention), the steel axle did not give the absolute 
satisfaction of which he thought it capable, and an investigation proved 
to him that heat treatment in the forge was largely responsible. 

He reasoned that as no two parts of the axle were forged at the 
same temperature, internal strains had set in, which were very detri- 
mental to the forging, and which would have to be relieved. This was 
particularly evident in locomotive driving axles, which, after cutting 
key-way, thereby relieving strains in the fibers, would often become dis- 
torted. 

To relieve the injurious strains above stated, he resorted to annealing. 
By heating the forging to a temperature slightly above the recalescent 
point (which, in steel of carbon usually found in axles, would, be ap- 
proximately 1,200 deg. Fahr.), he eliminated all crystallization resultant 
from the cooling from the forging temperature of about 1,800 deg. Fahr. 
and a fino amorphous structure was obtained. 

Crystallization would of course set in again when forging was being 
cooled, but as in the annealing he did not approach within 400 deg. or 
500 deg. the temperature at which his axle was forged, the resultant 
crystallization was comparatively small. While the ductility of the 
annealed forging was greatly increased, it suffered a slight loss in elas- 
ticity. 

Realizing the importance of having a high degree of elasticity in 
Ills material, which was continually subjected to severe alternating 
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tension and compression, and often torsional strains, the axle maker 
started to experiment with a view of not only maintaining the elasticity 
found in the original forging before annealing, but also to increase same. 

Various methods have been used to gain this result, among the more 
prominent being the "Coffin Toughening Process" and "oil tempering 
and annealing," either of which give the following results: 

1— The elastic limit is increased to a marked degree. 

2.— The percentage of elongation and reduction of area are greatly 
increased. 

3.— A remarkable degree of toughness is obtained. 

4— Steel changes from a crystalline to an amorphous state. 

5.— Internal stresses are eliminated. 

6.— Uniformity of structure and strength are obtained. The in- 
crease in elasticity is of the greatest possible benefit as it is a recognized 
fact that once the elastic limit of metal has been passed and forging 
therefore distorted, it cannot be depended upon to sustain even minor 
loads. 

In wrought iron forgings the elastic limit probably does not exceed 
20,000 lbs. per square inch. Steel of say .45 carbon, properly treated, 
will show almost three times as much elasticity and is, therefore, much 
better fitted for the service described. 

Realizing that in material of this kind wherein so much depends, 
that "the best is none too good," the modern steel manufacturer has in- 
stalled complete chemical, physical and microscopical laboratories which 
tell him the results obtained throughout the various sftages of manu- 
facture, and in the final treatment at the annealing furnace he raises 
or lowers the physical properties to the required specifications, carefully 
and intelligently guided by reliable pyrometers which show the opera- 
tor the exact temperature of his furnace at any and all times. 

"The method of manufacture," then, we consider of great import- 
ance. Our claim that a steel axle properly forged and afterward prop- 
erly annealed is infinitely superior in strength or wearing properties to 
the best iron axle, we think can hardly be disputed. 

While the art of steel making has been perfected more and more 
year after year, the material and skill for making the best quality of 
iron have, on the contrary, retrograded, and at the present time a good 
grade of iron is scarce, largely on account of the difficulty in obtaining 
the necessary good quality of scrap, that now available being com- 
posed of inferior iron intermixed with pieces of steel of various grades, 
which produce imperfect welds and irregularities in the finished axle. 

This lack of homogenity permits the torsional strains and friction 
to separate the fibers of the metal;— longitudinal seams and rough spots 
develop which finally result in failure of the axle. 

SPECIFICATIONS. 
B— Our opinion as to the best specification would be an endorsement 
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of the present Master Car Builders* speclflcation, with a few exceptions, 
viz.: 

1— We should recommend an increase in carbon, making: the limit 
.40 per cent to .55 per cent instead of .35 per cent to .50 per cent as at 
present. This would insure greater wear, permitting a higher polish with 
a consequent reduction of friction, and, if properly treated, greater 
strength, but would necessitate a slight modification of the present drop 
test. 

2— We should insist upon all axles being thoroughly annealed, as 
by this method only, is the true strength of the steel represented. 

3— We would adopt a "maximum weight" clause compelling manu- 
facturers to rough turn forgings on journals and wheel seats to within 
% inch of your finishing dimensions, thereby eliminating the necessity of 
your paying for 50 to 75 pounds of excess material per axle, which also 
necessitates a vast amount of extra work and expense at the railroad 
shops, subjecting your lathes to both roughing and finishing duties, which 
is detrimental to the best results in fitting. 

4— We should recommend a maximum limit on phosphorus of .05 
per cent instead of .07 per cent as at present, to compensate for the 
recommehded raise of the carbon limit by five points, both elements 
being hardeners, but carbon affecting the ductility less than the phos- 
phorus, and being conducive to greater wearing qualities. 

5— We would modify that portion of clause 1 in the specification 
relating to the rough turning of axles to read: "Axles must be rough 
turned on journals and wheel fits to within % inch of finished dimensions 
and must be smooth forged between wheel fits." 

Rough turning a car axle between wheel fits robs the axle of the 
tough surface skin which is a very valuable asset. 

In this connection, I would cite results of a test made at our works 
to demonstrate our claim: During a controversy with an inspector of a 
prominent railroad which specifies rough turning all over, we suggested 
to him that be take two axles of the same heat, one being rough turned 
to 5% inches in center, the other being smooth forged to same dimension. 
These axles were subjected to same treatment throughout and were then 
tested to breakage. The rough turned axle stood 21 blows of a 1640- 
pound drop from 43 feet height, and the smooth forged one stood 78 
blows, or almost four times as severe a test. 

Tensile tests cut from the broken axles showed the same chemical 
and physical structure. 

Extensive tests made at another works by one of the leading rail- 
roads specifying this, show that in axles of the average carbon, the 
smooth forged axle will stand approximately 43 per cent harder test 
than the rough turned one. Rough turning an axle also makes it more 
susceptible to rust. 

These are but a few tests, of many made along this line, the aggre- 
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gate of which leads us to believe that the railroads of this country are 
annually expending hundreds of thousands of dollars on this feature, and 
are thereby getting an inferior axle. 

BROKEN AXLES. 

C— **What we have found as a result of the examination of broken 
axles": 

In fifteen years' experience in the manufacture of steel axles, the 
writer recollects of but seven of our car axles having failed in service, 
four of these being due to inferior design, the wheel fits sizes being % inch 
under the Master Car Builders' standard dimensions. 

We believe this record is due, not so much to the superiority of the 
steel itself (although the company which I have the honor to represent 
is the pioneer steel company of America), but to the fact that it is the 
policy of our company to thoroughly anneal every forging produced, 
thereby eliminating all forging strains and results of imperfect heat 
treatment, and restoring to the steel its true strength. 

Our experience with broken axles, therefore, is limited and perhaps 
other members of the club can give more information on this subject 
than the writer. 

We have, however, seen broken axles around in various railroad shops, 
the examination of which leads us to the conclusion that failures were 
due to the fact that steel used was too low in elasticity and tensile 
strength, steel of probably .30 per cent or .35 per cent carbon being used. 

The failures were due largely to what has been termed "fatigue of 
metal*' and show a detail fracture, a gradual parting of the steel, extend- 
ing inward towards the center of all around the piece, unquestionably 
caused by the imposed strains repeatedly approaching the low elastic 
strength of the soft steel. 

The substitution of a steel of higher carbon and elasticity would 
prevent failure of this kind. 

The observations of Dr. Chas. B. Dudley, the eminent chemist of the 
Pennsylvania Railroad Company, are interesting and pertinent to this 
subject, and we quote him: "It is obvious that the journal of a car axle 
gets alternating bending stresses— that is, the metal is subject to alternate 
tension and compression with each revolution and that during the life of 
an axle, these stresses are many thousand, perhaps million, times 
repeated." 

Again, the metal between the wheels is in like manner subjected at 
each revolution to the same alternating stresses. 

The effect of these repeated alternate bending stresses are almost too 
well known to need comment. Sooner or later, if the stress is high enough, 
all metal will rupture under these alternate strains. 

A marked characteristic of the fractured surface of a piece of metal 
which has broken from this cause, is that it never presents fibrous appear- 
ance in the fracture, but is more or less smooth, possibly due to the 
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fractured parts rubbiDg against each other, and haying the appearance 
of an old break. It commences where the maximum stress occurs on 
the surface of the section and gradually works in from the surface until 
80 small a part of the original area is left unbroken that a sudden shock 
or stress finishes the rupture. 

This breaking slowly, a little at a time, led to the description of this 
fracture as **detail fracture,'* which will never be confounded with a 
rupture produced in any other way. 

The experience of the Pennsylvania Railroad Company on car axles 
on this point may be interesting: Steel axles were first used on the 
Pennsylvania Kailroad in 1875. The maximum calculated fiber stress 
between wheels was about 15,000 pounds per square, inch, and the maxi- 
mum fiber stress in the journal was about 6,700 pounds per square inch. 
The steel of these axles was an acid, open-hearth steel, containing from 
.22 to .28 per cent carbon, and not over .04 per cent phosphorus, and with 
a tensile strength of about 65,000 pounds per square inch, and an elonga: 
tion in two inches of over 25 per cent. So tough was this steel that one 
passenger car axle was tested under the drop test with 67 blows without 
rupture. Some 300 of these axles were put in service, and in the course 
of two years, the journals began to fail from detail fracture. The matter 
became serious, and a consultation was held as to how to meet the 
diflaculty. There seemed but two ways of procedure — either to increase 
the size or to change the nature of the metal. Since an increase in size 
meant a re-design of all the parts, the latter alternative was chosen, and 
a metal of 80,000 pounds tensile strength was substituted for the softer 
steel, no other changes being made. This completely cured the difficulty, 
and no case of breaking in detail in car axles Is known to have occurred 
since that time, unless the metal was of lower tensile strength than the 
figure given, or the axle was worn to limit, so that the maximum fiber 
stress was too high. 

Endurance tests made at the Watertown Arsenal by the United States 
government on wrought iron and .45 per cent carbon steel bars 1 inch 
diameter, 36 inches long, loaded in the middle so that the fiber stress was 
40,000 pounds per square inch, show a great superiority in favor of the 
latter. 

These bars were rotated 1,500 times per minute, the number of revo- 
lutions being recorded. 

The average number of revolutions of the wrought iron bar was 
59,000, while the .45 per cent carbon steel bars broke after 976,000 revolu- 
tions, or 16.5 times as severe a test. 

To test the value of iron or steel for axles, and the effect of strains 
similar to those imposed by service, Mr. Wohler. chief engineer of the 
Prussian State Railway, constructed machines for the purpose, by which 
the bars were exposed to vibrating actions and repeated strains within 
adjustable limits. 

First. For straining a cylindrical bar in a manner similar to that in 
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which an axle is acted upon by the load it carries: A bar, placed in 
bearings, was caused to revolve; to one end (corresponding to journal 
of axle) was attached a spring, giving a constant downward pull, by 
which action the bar was bent down at the end to a fixed distance, and, 
in its rotation, the action of the spring caused it to bend in all directions 
successively all around the circumference of the bar, by which lueuus 
the alternate strains of compression and tension were produced. The 
breaking strains of fibrous iron, under these conditions, was from 20,160 
pounds to 22,400 pounds per square inch; soft steel, 26,880 to 33,600 
pounds per square inch. 

Testing further, the effect of repeated strains applieii fo the center 
of a revolving axle, in which the fibers in each section are strained in 
the same direction each time, the tension on each fiber varying between 
zero and the strain imposed: Fibrous iron broke at a tensile strain of 
33,600 to 40,320 pounds per square inch; soft steel at 60,400 to 66,000 
pounds per square inch. 

Walter E. Koch, formerly of the works of Landore (the original 
Siemans Works), and later of Pittsburg, in his paper on "Fifteen Yenra* 
Experience with Open-Hearth Steel," says: "Statistics show In Orent 
Britain that eight iron axles break to every one of steel, and it 1h UHttu^ 
ishing to me that so many iron axles are still in use in this progroiiiilva 
country." Mr. Koch, when written to concerning this statement, said: 
"I referred to straight and not to crank axles, and at that time there were 
about half iron and steel in use." 

We could cite results of many such experiments made by many men 
under many different circumstances, but it was long ago demonntruted 
that too much statistical information is not wanted, the average man's 
aversion to such data being well expressed by Hon. C. D, Wright when 
he said, "Figures won't lie, biit liars will figure." 

We feel that the steel axle is now so well established that the many 
experienced gentlemen who are with us to-day can contribute Information 
of a far greater value. 

Mk. Reflogle: I will say in the advance copy sent out there was 
a misprint, making the limit .40 to .60 per cent. I suggested .40 to .60. 
(Referring to paragraph 1, page 4.) 

Pbesident Cbawford: Gentlemen, you have heard the paper; It Is 
now open for discussion. Mr. Barnum, can we hear you start the dis- 
cussion on this subject? 

Mb. M. K. Babnum: Mr. President, it seems to me that Mr. Replogle 
has covered the subject from a general point of view very thoroughly 
and in a very competent manner, and has brought out some veiy inter- 
esting facts, and I think those who will attend the Master Car Builders' 
(invention ought to bear in mind his suggestions for changing the spec- 
ifications, as he seems to have advanced good reasons for the same, and 
is in position to make suggestions which are expert and which would 
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improve the quality of axles made according to the revised specifications. 

I have always thought that the use of steel for axles and crank pins 
was in line with progress generally, and that it was becoming more 
and more necessary to adopt steel for those purposes on account of the 
difficulty which has been described in this paper of obtaining a high 
grade of iron. While with a western railroad several years ago we 
paid as high as seven cents a pound to get the best quality of iron that 
could be obtained for driving axles, and even for that price were unable 
to get a sufficient number of axles which would meet our requirements 
and which were free from seams and showed a homogeneous nature, 
which would give a satisfactory journal when turned, and the result 
was that we had to throw out a large shipment of driving axles, some 
of which were nine inches in diameter, and had to make a settlement 
at a reduced price with the party furnishing them and use them for 
other purposes, so that we were practically driven to the use of steel 
on account of our inability to get iron of a satisfactory quality for the 
purpose. 

The smoother journals obtained from the steel axles and the greater 
tensile strength, seem to me arguments in favor of the steel which are 
so very plain and forcible that they are hardly necessary of elaboration; 
they speak for themselves. 

Mb. a. E, Manchester (C, M. & St. P. Ry.) : Mr. President, I had 
hoped that some one that had a greater amount of experience with 
steel axles and was a better friend of the steel axle than I am would 
do the most of the discussing of this subject. I am pleased, however, 
to note the efforts that are being made by the steel manufacturers to 
overcome the defects that we find to exist in the axle, because of the 
fact that no doubt in time, due to inability to procure good iron cheap, 
the steel axle will be almost universally in use, whether it be a better 
axle than the iron or not. 

There are a number of points raised in connection with the steel 
axle that do not correspond with my observations. The statement is 
made that the steel axle receives a higher polish, and consequently 
creates less friction. That has not been my experience; in fact, it is 
just the reverse, that the steel axle wears more rapidly, both the bear- 
ing and the axle, than does the iron. That polish taken by the steel is 
not the looking glass polish that is taken by a good iron axle. 

The question has come up in my expirence as to what was a safe 
fiber strain for a driving axle, and I would like very much to have the 
writer give his opinion as to what would be the proper fiber strain for 
a driving axlo. 

President Crawford: This is a very interesting paper, gentlemen, 
a very important one, and we would like to hear further discussion on it. 

Mr. H. a. Fergusson (J. T. Ryerson & Son) : I should like to ask 
the author what is the effect on a journal which becomes very hot and 
is cooled with water on the road on an axle that has been annealed and 
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treated with the toughening process mentioned. Does It not change the 
character of the metal at the journal end and make it different from 
the body of the axle? 

I notice, also, in the recommendation with regard to changing the 
specifications, that the recommendation was made to have the percentage 
of carbon increased from the present requirements .40 to .55, and that 
if this were the case it would necessitate a modification of the present 
drop test and also would permit of a higher polish with a consequent 
reduction of friction. The point that occurs to me is that the difference 
is only five per cent in the minimum, and five per cent in the maximum, 
leaving a common mean of ten per cent, that is, from .40 to .50, as at 
present, so that the maker has the right at present, in either specifica- 
tion, to a ten per cent mean between the two, and unless all the axles 
were furnished above .50 per cent carbon it would make no difference 
from the present specifications. I would like to know in this connection 
what proportion of axles are furnished below .40 now? If only a few 
I cannot see that the change would make much difference. 

Then further, in connection with the higher carbon, the author says 
in regard to broken axles, "The substitution of a steel of higher carbon 
and elasticity would prevent failure of this kind," meaning breakage 
and refers to detail fractures as being caused evidently in this case 
by low carbon, and though that has been my experience, I have also 
always understood that an increase in carbon made an axle more liable 
to detail fracture from constant blows. 

And then further on, on the last page, he mentions the specifica- 
tions for the first Pennsylvania Railroad steel axles, stating that they 
contained from .22 to .28 per cent carbon and that it became necessary 
either to change the size or to change the chemical composition of the 
metal; that the latter alternative was chosen and that they obtained 
the finest axles that never broke. Therefore, why is it necessary to 
change the carbon, to increase the carbon at present when it is already 
considerably above those figures? 

Pkesident Crawford: If there is no further discussion, we will ask 
Mr. Replogle to close the discussion and answer the questions that have 
been asked, and also any other questions that may be asked. 

Mr. Replogle: Mr. Manchester says that it has been his experience 
that an iron axle is capable of a higher polish than one of steel. We 
believe this to be the case when comparing an iron axle wth a low 
carbon steel axle, but with a higher carbon steel, above, say, .40 per 
cent carbon, we do not think it is the case; we think it is capable of a 
much higher polish and much less friction than the best iron axle that 
he can get. 

In regard to the question as to what would be ^afe fiber strain for 
a driving axle, that is an engineering problem which we think should 
"be worked out by engineers from results obtained in service. We would 
say, though, that if we were figuring on that, we would figure on about 
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17,000 pounds to the square inch. It is the practice of the Pennsylyania 
Railroad, I believe, to figure some of their forgings, crank pins, etc., 
at 14,000 pounds. Probably our President could inform us as to that, 
but on axles I think they figure even a trifle lower than that, but I do 
not think it would be safe to figure above 17,000 pounds to the square 
inch. 

Mr. Fergusson asked in regard to the effect on the Journals of axles 
which had been treated by toughening process becoming hot and being 
cooled by water. We would say that if the journal was heated to the 
critical temperature— which in steel of .40 of one per cent carbon would 
be about 1,200 degrees, and which is the changing point of the metal 
where it changes from the non-hardening to the hardening state, it 
would be injurious, there is no question about that. But, however, if. 
uniformly heated a^ain after such treatment, it would put it on a par 
with other axles that are untoughened, probably some better, as it would 
have the advantage of annealing. We think it is very seldom, however, 
that axles in service are heated to that temperature. 

As to drop test modification suggested in our recommendation of 
increase in carbon, we would say that we do not think an axle in 
service is subjected to any such a test as is given under the drop test. 
However, as far as our company is concerned, we would very readily 
waive that. We do not have any objection to your making the require- 
ments more severe, because it will result in our competitors taking steps 
to thoroughly annenl their axles or it would be impossible for them to 
compete with us. 

We are at a great disadvantage now in that very thing. We spend 
about $50,000 a year in annealing and toughening our axles, something 
which no other manufacturer does, and in these days when the buying 
is entirely in the hands of purchasing agents, the majority of whom do 
not care to discuss anything but price, we are very often at a great 
disadvantage in that way, and personally, I will confess that I have 
at times favored the elimination of annealing, not because I do not think 
it is the proper thing, but from a purely commercial standpoint The 
management of bur company, however, would never consider such a 
proposition, but maintain that the railroad man will recognize that there 
is no economy in buying material which is unfit for this severe service, 
even though he can get it at a slightly reduced price. 

There are a great many mechanical people today who specify and 
who thereby get the very best material, and others who do not specify, 
leave it entirely in the hands of purchasing agents, who are naturally 
going to get the cheapest material obtainable, and the result is unsatis- 
factory service, for which the mechanical man is responsible. 

About the carbon of axles, at present it is natural for the- steel 
manufacturer to get just as close as he can to the minimum limit on 
carbon to avoid chances of failure under the drop test. I would say 
that our company last year had but two failures of car axles under the 
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drop test. This we confess is a better record than we usually have, and 
as we say in the paper. It is entirely due to the elimination of its 
intrinsic strength. If you place the minimum carbon limit to .40 per 
cent it is not necessary for the manufacturer to put in .55 of one per 
cent carbon, but In actual practice it is hard to govern the required limit 
to within, say, about 10 points; you will find very often it will go over 
.50 of carbon in the annealed axle you get, so it is perfectly safe to 
increase your hardness to that extent. 

As to the alternating strains on steel, I will say .that an experience 
of ours demonstrates that the higher the carbon the less liable the axle 
or forging is to break from any detail fracture. In steam hammer pis- 
ton rods, used for hammering car axles, we used It years ago and we 
had failures very frequently, often once every five or six weeks; we 
then started to use steel and our trouble ceased to a certain extent We 
replaced the rods every two or three months, I should say; we put in 
a higher carbon steel, the grade we at present use, running about 90,000 
to 95,000 tensile strength, elongation about 25 per cent in two inches, 
and since using that we have only broken one piston rod in three 
* years, and the superintendent of our mechanical department says that 
we save at least |4,000 per year in that way. 

As to the experience of the Pennsylvania Railroad, I would state 
their carbons have been fixed the same as the Master Car Builders, viz., 
.35 to .50 per cent. 

Since adopting these limits Dr. Dudley states that no fractures "iu 
detail" have occurred. He does not say that they have had no failures, 
but these have been greatly reduced, and could be still further minim- 
ized by a slight increase in carbon, which would also insure better 
wear. 

Mr. Barnum: I would like to ask the author of this paper exactly 
what he refers to under the expression "if properly treated,'* under his 
first suggestion for changes in the specifications. I do not clearly under- 
stand that point. 

Mr. Replogle: I refer to annealing and proper hammering. I have 
been around quite a little this last year among the various railroad 
shops, and have seen axles being forged under hammers of not more 
than 2,000 pounds falling weight; there was not sufllcient power to pen- 
etrate the metal, the result is, very often, "piped steel." The effect of 
the hammering would be only on the surface, probably only an inch 
and a half in from the surface, with results as before stated. 

Annealing destroys the internal strains due to forging under quite 
difl^erent temperatures. Many axle makers today, even, put one end 
of the axle in the furnace, heat it up to a stated temperature and forge 
it, then put the opposite end in the furnace and forge that, with prob- 
ably 200 or 300 degrees difference In the heat. We feel that the true 
strength of the steel Is not represented, and by the elimination of thete 
Irregularities by annealing all troubles of that kind would cease. 
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The Secbbtabt: Mr. President, before we go to the discussion of 
the next paper, I would like to say that the funeral of Mr. Barr will 
be tomorrow afternoon at 2:30 o'clock at Libertyyille. A sfpedal train 
will leave the Chicago, Milwaukee A St Paul station at 1 o'clock; this 
train will take any of the members who wish to go to the funeral, free 
of charge. 

Pbesident Crawford: The next paper will be, "The Electric Head- 
light as a Safety Appliance," by Mr. J. A. Carney, M. M. C, B. ft Q. Ry. 
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THS ELECTRIC HEADLIGHT AS A SAFETY APPLIANCE. 
By Mr. J. A. Carney, M. M., C. B. A Q. Ry., West Burlington, la. 

The electric headlight as an adjunct to modern railroad practice 
has a great many advantages and some deficiencies. As a warning to 
the public who may have occasion to cross the right of way at grade, 
its value is almost without estimate. 

Some years ago a railroad running through a prairie state put on a 
high speed train leaving a terminal about 9:30 p. m. Electric headlights 
were not used at the time of its installation and there were a number 
of highway crossing accidents. The engines running the trains were 
afterwards equipped with electric headlights and the crossing accidents 
stopped. 

A man approaching a railway crossing and hearing the whistle 
would say to himself, "Freight, plenty of time," and get on the track 
about the same time the engine reached the crossing. The electric head- 
light is a warning to the public that a high speed train is approaching 
and they exercise more care. 

The accident report of the Interstate Commerce Commission gives 
no data on highway crossing accidents, whether or not the engine in- 
volved was equipped with an electric headlight, but nevertheless high 
speed trains equipped with electric headlights are remarkably free from 
crossing accidents after dark. 

An electric headlight burning in a switching yard is a nuisance, 
and it almost obliterates hand lanterns and switch lights that come in 
its field, and at many division points it is the rule to shut down the 
light while the engine is waiting for its train. 

The diseases of the electric headlight are many. It Is the pur- 
pose of this paper, however, to touch on one only, namely, the effect of 
the diverging rays of light on the vision of the engine man during snow, 
rain or mist, so far as being able to see signals at a safe distance. 
Heavy snow and rain do render signal lights invisible, except at short 
distances, and it is needless to describe the effect of fog, but where 
these elements are of such quantity that they do not obscure signals at 
safe distances is where the electric headlight does the most harm. The 
diverging rays light up the particles of rain and snow or mist and pro- 
duce a curtain of light which it is almost impossible to see through. The 
effect is a parallel of the optical illusion produced by a stage lined with 
black and the outer edges brilliantly lighted. Nothing can be seen 
back of the lights and many clever tricks are exhibited and the audience 
remain in ignorance of the mechanisms used in producing the Illusion. 
Not that the electric headlight is a trick or an illusion, but under cer- 
tain conditions of fog, snow or rain it may render signals invisible. 
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Figure I is drawn from dimensions of a well known make of electric 
headlight, the parallel lines in front represent the parallel rays of light 
reflected from the parabolic reflector and amount to almost 70 per cent 
of the light produced by the arc. The diverging lines represent the light 
rays coming from the front of and directly from the arc and amount to 
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almost 22 per cent of the light produced; about two-thirds of the direct 
light is of little benefit in good weather conditions and positively harm- 
ful in rain, snow or mist. 

Figure II represents the same headlight with a circular extension 
to the case 15 inches long. The parallel and diverging rays are repre- 
sented as in Figure I. The extension cuts down the angle of the direct 
rays from 78 degrees to 40 degrees. It does not in any way interfere 
with the reflected light and only about one-third of the direct rays are 
open to objection. 

The headlight as described in Figure n is in service and gives a 
sharper pencil of light and seems to illuminate the track better than 
does the standard case. See Fig. I. Since this form of case has been in 
service there has been no opportunity to test its merits in mist or snow 
but observations made in a light rain storm testify in its favor. 

Experiments on both forms of cases were made with circular stops, 
having ten and twelve inch openings. The results were not entirely sat- 
isfactory and while they cut out tlie diverging rays, they diminished the 
volume of light thrown ahead to an objectionable extent. 

As a warning to persons on the track there is no difference in the 
effectiveness of the two forms of cases, and at a distance of half a mile 
it is impossible to tell one from the other by the volume of ligjit thrown 
out. 

The transparent number plates were placed in the extension and 
their illumination is perfect. 

There is room for improvement in electric headlights along the lines 
described in this paper. 



Mb. CARNEr: The idea was first suggested by Dr. H. B. Young, of 
Burlington, who is making a study of the required vision of engineers, 
and in connection with his studies he did considerable riding on engines 
on the C, B. & Q. railroad at night, both behind an electric headlight 
and behind an ordinary oil light, and he observed the condition of the 
curtain of light which we find in a snow storm. I do not think he did 
any riding through fog. This led to the experiments which have been 
partially described in the paper. 

I tried, before writing the paper, to get some information with ref- 
erence to searchlights, but was unable at the time to get anything 
definite. This morning I looked up the question, and I found that 
searchlights have the carbons set horizontally, so that the whole of the 
light is thrown on the reflector. The electric headlights have the car- 
bons set vertically, so that a portion of the light is reflected and a 
portion is thrown ahead. 

I believe it is possible. for great improvement to be made in the 
illuminating effects of electric headlights. Their value is unquestionable 
from a great many standpoints, but the diverging rays, as described in 
the paper, are a nuisance, and at times they may be dangerous. 
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President Crawford: You have heard the paper, gentlemen; it is 
now ready for discussion. 

Mr. Barnum: I would like to hear what Mr. Ross has to offer on 
the suggestions made by Mr. Carney. Mr. Ross has made this subject a 
study, and I believe he should be in a position to criticise Mr. Carney's 
paper, and give us some ideas worth listening to. 

Mr. Mark A. Ross (Pyle National Electric Headlight Co.) : I hardly 
think that I can criticize Mr. Carney's paper very much, except that my 
experience has not been as he represents it in the formula, and the ex- 
ception I would take to the paper, you might call it an exception or 
criticism, is his saying that the electric headlight under certain condi- 
tions of fog, snow or rain may render signals invisible. 

It has never been my experience that the electric headlight would 
render signals invisible under any conditions, but any signal is invisible 
in a fog, I do not care whether you have an oil headlight, no headlight 
or electric headlight, and I know that some manufacturers of a certain 
headlight claim that they can penetrate a fog. 

My idea of a fog is that it is made of particles of water which 
reflect light, and I do not believe that the particles of water care whether 
it is gas, electric or oil, providing the light is strong enough to be re- 
flected. I have ridden on locomotives in a fog; in fact, I was on a loco- 
motive with an oil headlight when the conditions were practically the 
same as holding up a white sheet in front of the engine; you could not 
see the classiflcation light on the front of the engine. I have seen a 
condition of that kind with oil; I have also seen the same condition with 
the electric headlight, and I do not see any difference. I do not believe 
you can see a light or a signal under any of those conditions. 

As I understand his last remarks in regard to Dr. Young, liis experi- 
ments are for the purpose of testing the effect of the light on the eyes. 
I am sure I do not know what the result of that would be, but I have 
given about eight years of my time, the principal part or share of that 
time in looking into the arcs, have very closely studied the arcs, and I 
do not believe any man has a better pair of eyes than I have. I have 
a great many letters in my office, too, from engineers who are running 
the electric headlights who state that they strained their eyes more in 
running an engine with an oil headlight in one night than they ever have 
with the electric headlight, for the reason that they are always gazing 
fixedly ahead, trying to find or pick up something, while with the electric 
headlight they can sit back in the cab, do not have to put their head 
outside of the cab to see anything, just the same as they can in the 
daytime. 

I rode on a locomotive on a very fast train about a year ago, per- 
haps longer, in a very heavy snow storm. The snaw was so damp and 
heavy that the engineer had to open the front window or front door 
very often to push the snow off the glass—it adhered to the glass and 
banked up in front— and I suppose that 75 per cent of the time we had 
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a hole no bigger than two inches in diameter to peek through, and I say 
it was one of the prettiest sights I ever saw, and we had a plain view 
of the track and could see anything that we wanted to see. 

In fact, to cover the whole case, I have never seen such conditions 
that you could not see as well with the electric headlight as you could 
with any other light. 

I might say here that several years ago we had a great many criti- 
cisms to the effect that the electric headlight destroyed the color signals. 
In fact, a prominent mechanical official read a paper before the New 
York Club several years ago, in which he said in effect that the strong 
ray of light from the electric headlight thrown on the lens of the switch 
lamp reflected and destroyed the color of the light. We immediately 
got an engine on the Big Four Railroad and had newspaper representa- 
tives with us; we took switch lights and hand lanterns and semaphore 
lights of all kinds, and we failed to find in our tests of all kinds and 
conditions that we could think of any case where the color of the light 
was destroyed, and the consensus of opinion was that the colors were 
intensified, if anything. Quite recently I was talking to this gentleman 
who brought up the subject himself, and said that he at one time, stand- 
ing at a station, saw an electric headlight which was coming along, 
shining on a switch light, which a minute before was red, and it was 
white. But he said since then he had tried a great many times to find 
the same condition and he could not find it, and he had come to the con- 
clusion that he was mistaken. He said he was thoroughly convinced now 
that the electric headlight does not destroy signals, and of recent years 
we do not find that criticism, or very little of it 

Mb. G. L. Wilson (F. Cortez Wilson A Co.) : Regarding headlights, 
I have had a little experience with them, covered about fifteen thousand 
miles of road on engines one year to find out something about them, and 
have developed a number of applications of light to locomotive head- 
lights. 

The trouble which Mr. Carney describes, judging from my observa- 
tions and the developments which have resulted from my own work, I 
believe is more largely psychological than physiological. We all know 
how difficult it is, when there is anything like a noisy man working at 
the ventilators, for instance, for us to concentrate our attention upon the 
matter in hand, "and observation leads me to believe that the main diffi- 
culty in connection with scattered light with the average man in charge 
of an engine is the fact that in his immediate vicinity objects are lighted 
up, instead of all his light being concentrated on the right of way ahead. 

A somewhat similar condition obtains when a cab is not sufficiently 
darkened; there is something more than the reflection of the light on 
the inside of the cab window to divert attention. All those who have 
been on engines at night know that if the cab lights are not well 
masked, the headlight is nearly killed. So, in this case, the difficulty 
which Mr. Carney finds with the electric headlight is traceable directly 
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to the intensity of tlie main source of light, since the relative power of 
the direct rays from that light cause a masked illumination of the imme- 
diate vicinity of the engine. 

My criticism of his fifteen-inch extension would be that under all 
ordinary conditions, that is, on a relatively clear night, there would he 
too much darkening immediately in front of the pilot of the locomotive, 
which does not cut any particular figure on the road, at terminals or 
large stations where tlie yards are adequately lighted, but at the ordi- 
nary stops made by an engine in this country it is a source of actual 
danger if nn engineer cannot see what is right up close in front of the 
engine, and there have been some apparently very stupid accidents for 
which the engiuemen were in no wise responsible, when they have run 
down people just as fheir trains were starting, because of this darkness 
immediately in front of the engine. There is a point here on which we 
must reach an average. Investigation of the subject leads me to believe 
with him that it is desirable to extend a casing somewhat beyond the 
front line of a parabolic reflector and by that means cut off the direct 
rays. This must not be overdone or else you defeat one of the greatest 
safeguards attending the use of a high power light. 

The light with which I have worked is acetylene, and while it lias 
not the range of the electric light, when properly applied to parabolic 
reflectors, acetylene will furnish a light which penetrates far enough for 
an engine man who is keeping his lookout to find all ordinary obstruc- 
tions on the track* and slow down so that his train is safe. At the same 
time you have an Initial source of light approximating 50 candle power, 
which gives the little halo in front, not enough to distract attention, but 
bright enough to show the careless person who runs in front of a locomo^ 
tive about the time it is to start and enable the engine man to keep the 
train under control until such time as this person is out of the way. 

In regard to seeing these headlights on approaching engines, I know, 
because I have heard many superintendents of motive power and other 
operating men say so, that the average man who is thrown in contact 
with railroad operation regards a headlight as little more than notice to 
the public that a train is coming. Many of them are outspoken in that 
belief, and those of us who have heard anything about the operation of 
trains in other countries are convinced that in England, at least, that is 
all the light is used for. They have a light on the front end, but do not 
try to light tlie track, and use nothing more than a bulls-eye. The feel- 
ing in this country is more widespread than we are willing to admit that 
this is the sole function of the headlight. But it is not. 

Consider an engine man on a mountain road where rocks are likely 
to come down on the right of way as well as trees and various other 
things. Consider a man operating anywhere in an open prairie country 
where cattle are likely to be on the track, anywhere where roads are 
not fenced pig-tight and crossings always above or below grade; con- 
sider those places where cars on sidings may obstruct the main line; the 
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engineer who has had any experience with high-power lights knows that 
the light which shows in his tracjk for a reasonable distance ahead is a 
factor of safety, and for that reason roads today are turning to electric 
or acetylene headlights. 

Regarding the actual question of the reflection of light from particles 
of snow in the atmosphere, from rain and so forth, it is certain that the 
ordinary heavy rains do not make any particular diiference with the 
vision of a man behind the light, if the light is good. A thick snow is 
hard to see through, no matter what light you have, and a bank of fog 
is pretty nearly impenetrable if it is thick enough; but, as Mr. Ross 
says, while it may not make any difference to the particles of water and 
the fog, it does make a difference to the man behind the light, and there 
are some lights that have a greater diffusible quality than others. 

I do not know why we have become accustomed to measure lights 
in candle power, since there is another quality to be considered. There is 
an unrecognized but marked analogy between sound and light. Motive 
power men who have paid any attention to bells and whistles for engines 
know that pitch and quality have quite as much effect upon the value of 
such appliances for signal purposes as does the mere volume of sound— 
perhaps more, if we are to accept some data which appear to have a 
scientific basis. The modulation, pitch, clearness and timber of the 
human voice are recognized everywhere as greater influences in reach- 
ing the auditor than mere volume of sound. It is not "candle power" 
which determines the power of light, nothing but its capacity to diffuse 
light over things in proper shape to reflect back to the retina. Soine day 
somebody will find some way to measure it. I have not solved the 
question, I have not had time, but it is there. 

I would suggest that experiments be continued with a view to cut- 
ting off the direct rays in the halo of light in front; there is plenty of 
light in your electric headlight. Perhaps if Mr. Carney will put a disc 
in front of the arc it will not interfere seriously with the reflected light, 
which does the business on the track, and it will cut off all those diffused 
rays which cause the trouble. This will reduce the scattered direct rays 
from the arc light and make it approximate those ideal conditions which 
obtain when the acetylene flame is used in properly designed reflectors 
and headlight casings, especially arranged to utilize it to the greatest 
advantages for all the purposes which a locomotive headlight should 
serve. 

Mb. Ross: There is a variety of opinion as to what a headlight 
should be. For instance, if you put a hood or an extension on your head- 
light, you can conflne the rays to a certain extent, on the same principle 
as a searchlight. You take a deep reflector and you get more penetrating 
power, but you do not cover a large enough space. Your light half a 
mile or three-quarters of a mile ahead of the engine will only light up 
the size of half the track, perhaps, or just the track, and it has not been 
my experience that that is best. For that reason we use a parabolic 
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reflector, which will, to a certain extent, separate the rays, or give a 
larger pencil of light, as we call it. That will give you a full view of 
the track a great distance ahead. On that line of thought, I think per- 
haps the extension would be a good thing in the majority of cases, but 
there are cases where engineers on fast trains going into large terminals 
or large yards want to see immediately in front of the engine; there are 
very short curves in some places, and they want the light nearer the 
engine. In that case I think it would be an objection, but I think there 
is no doubt but that the contrast between the dark and light would be 
more noticeable than it would be without the extension. In putting a 
disc in front of the headlight, we have had some little experience in 
that direction, and we found that the rays would be conflicting with the 
direct rays, which will always interfere with the penetrating quality. 

Mr. E. J. Saxk (Engineer, C. B. & Q. Ry.): It seems to me there is 
one feature of Mr. Carney's paper deserving of more attention than has 
been given it, and that is the desirability of lighting up the number 
plate. I think most of us have felt that the engineer is lighting up more 
of the corn field than is absolutely essential, but I think a great deal of 
the power of a reflector is sacrificed to light up the number plates on 
the side of the lantern. Perhaps Mr. Carney can give us some informa- 
tion on this subject. It does seem to me that that projecting hood would 
be a good arrangement, if only to light up the number plates. 

Mr. Barnum: This article is headed "The Electric Headlight as a 
Safety Appliance." If there is any one man more interested than another 
in safety appliances, it is the engineer at the head of the train. I have 
had experience with electric headlights on three railroads, and on all 
those roads I found the engineers were the men that were most strongly 
in favor of the electric headlight, or some light better than the ordinary 
oil light. The more the engineer becomes accustomed to the electric 
headlight the better he likes it. 

On the road with which I was recently connected we had 260 elec- 
tric headlights, and on a late order of passenger engines these had not 
been provided, and they were put into service with ordinary oil. Many 
of them were on fast passenger trains, and while it was the intention to 
transfer electric headlights from freight engines to the passenger engines 
in due time, this could not be done at once, and before it was done I 
received a number of personal requests from the engineers running these 
engines for electric headlights, as they claimed they were unable to 
make their running time with safety. Therefore, the fact that there 
are certain conditions under which the electric headlight may be handi- 
capped does not, in my opinion, prove that it is not a very important 
safety appliance and one of the best of its kind. 

Mb. Manchester: I agree with what has been said by Iklr. Barnum. 
The enginemen look upon the headlight as a safety appliance; that it 
mnkes it easier for the man behind the electric headlight to run his 
train at a high rate of speed and with more confidence. The electric 
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headlight has its drawback, indeed, on a double-track road, it has its 
effect on the eyes of the approaching engineer, and for the time being, 
after meeting an electric headlight, it is difllcult for him to discern sig- 
nals correctly. 

Mb. Koss: In regard to that subject I think you will find that ex- 
perience goes a good ways in looking at the light, that it is something on 
the principle of looking into a firebox. When we were firing we could 
look into a firebox and it would not blind us, but we cannot do it now, 
and I think fhis experience applies in meeting a light on the road; instead 
of looking at the light, avoiding looking at it will overcome that objec- 
tion to a great extent, and I do not think you will find engineers object- 
ing to that very much where they have electric headlights and where 
they have used them for some time, or on double track. The Rock Island 
is double track between here and Rock Island, and I do not think I have 
ever heard that criticism there; same way on the C. & E. I. R. R. 

Me. Febgusson: I know from experience that where a train without 
an electric headlight approaches one that is standing still on a single- 
track road on the side track, it is impossible to tell whether the train 
with the electric headlight is on the side or on the main track until it 
is very close. I have seen this time and time again where curtains were 
not used, and I also know that where the engine with the electric head- 
light is very near the semaphore it is almost impossible to see signals 
that the other train is approaching. 

Mb. Ross: That was thoroughly gone into on the Rock Island and 
tests made on that particular point by all the superintendents on the 
entire system for two nights, and the tests were thoroughly satisfactory 
to all of them. 

Pbest. Cbawfobd: Mr. MacBain, do you use electric headlights on 
the Michigan Central? 

Mb. D. L. MacBain (M. C. Ry.) : I have not had any experience, Mr. 
President. 

Db. Nelson M. Black (Milwaukee, Wis.): I was present when Mr. 
Carney and Dr. Young made the experiment of adding an extension and 
cutting down the pencil of an electric headlight, and, personally, think 
it is a decided advantage in overcoming the difficulty it was intended for, 
i. e., lessening the interference with signal reading in bad weather con- 
ditions, such as fog, mist, rain and snow. These elements make it suf- 
ficiently difficult to observe signals without any other interference, and 
as visual recognition of any object is due to reflected or projected light 
from its surface, any refracting or reflecting substance Ifetween a def- 
inite object and the source of illumination will interfere with its being 
seen. The greater the source of light, the greater the disturbance 
(compare oil and electric headlights). The pencil of light from a signal 
lamp has a hard time penetrating the above-mentioned niedia in thie 
atmosphere, but when in addition to this there is the reflected light from 
such an intense source neutralizing it, signal reading becomes difficult 
indeed. 
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The iucreased safety with the use of an electric headlight is real, 
not imaginary, although the fueling of security with good illumination 
is partly a psychological condition. Sensations brought to the brain by 
the eyes, which are the most highly specialized portion of the nervous 
system, are of more benefit than those from the other senses combined, 
and consequently anything interfering with this deprives the brain of 
some knowledge, and vice versa. 

That one can see better with electric headlights is not to be ques- 
tioned—it is a "self-evident truth.*' The divergent rays from the upper 
half of the circle, however, do interfere with* the reading of signaJs in 
bad weather conditions, and I cannot see of what use these rays are. 
Reflect them down so that they cover the area directly in front of the 
engine, have the lateral rays as wide as you wish, -but do away with the 
rays in the upper arc of the circle. In perfect atmospheric conditions 
there is no interference with signals that I could observe, but it is in 
bad weather conditions we most wish to see them. 

As to the effect on the eyes of the approaching engine man, there 
will be a blinding produced if he looks into the light, but there is no 
necessity for that, and if the suggestions of Mr. Carney are carried out, 
this will be lessened. Mr. Carney's paper was given with the idea of 
increasing the efficiency of the electric headlight, not to depreciate its 
value. 

The thought brought up by Mr. Ross that enginemen state that they 
strain their eyes more by the constant effort to see with a dim oil head- 
light is a good one, looking at it from an eye doctor '« point of view. 

It might be well to state that my conclusions have been arrived at 
from observations made from an engine cab, covering about 5,000 miles 
on various roads, in all sorts of weather and at all hours of day and 
night. 

Pbest. Cbawfobd: Any further discussion? If not, I will ask Mr. 
Carney to close the discussion. 

Mb. Carney: In reference to Mr. Ross' criticisms in regard to Dr. 
Young's tests on eyesight on engineers, these tests were not made with 
reference to electric headlights, but were made more with reference to 
determining how defective a man's vision might be at night without 
making him a dangerous man, so far as eyesight was concerned, and 
the observations made in snow with electric headlights were incidental 
and had no connection with any effect on the eyes whatever. So far as 
I know, the electric headlight has no effect on the engineer's eyes. With 
reference to the advisability of having the light well spread on the track 
and at the side of the engine, that may at times be an advantage if a 
train is running slow; but our experience has been that with high-speed 
trains, if a man gets close enough to the engine so that the light from 
the diverging rays shone on him, there was very little chance for that 
man to get off the track. 

With reference to the illumination of number plates, that is a 
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subject that the C. B. & Q. Railroad has discussed and made a great many 
experiments, and I believe that the. extension headlight case which I 
am experimenting with is the only one which has perfectly lighted the 
number plate. What the effect on the amount of light reflected from the 
electric headlight having holes in the sides of the reflectors has, I cannot 
say. So far as my observations go, it amounts to very little. Of course, 
theoretically,, there is a loss of light, but the electric headlight is so 
powerful that even ten per cent of a loss would not be noticed. 

With reference to Mr. Fergusson's criticism on electric headlights on 
the single track, I believe it is the rule on most roads to turn out the 
electric headlight or put a curtain over an oil light when a train is 
standing on a side track of a single-track road. 

This paper was not written with the idea of criticising electric head- 
lights, nor with any idea of showing that they were not a good safety 
appliance. The idea was to criticise the diverging rays. If the rays of 
light are thrown as in the searchlight, it enables the engineer to look 
along this column of light and see signals to a reasonable distance. 
Whereas, if the light is spreading out and the snow or rain or fog, 
whatever may be in the atmosphere is sufficiently great so that there 
is more illumination to the particles of snow than there is from the 
signal half a mile away, he will miss that signal until he gets close 
enough, so that the intensity of the signal is greater than the intensity 
of the light from the particles of snow. 

The paper makes mention of the fact that the engineman may not 
be able to see signals at a safe distance. It says: "Heavy snow and 
rain do render signal lights invisible, except at short distances, and it 
is needless to describe the effect of fog," etc.; that is, I mean to say 
that the engineer cannot see the signals until within a short distance 
on account of this curtain of light that is being carried in front of the 
engine. 

PREST. Crawford: This is the date of the annual meeting and the 
election of officers for the ensuing year. Before proceeding to this elec- 
tion, we will listen to the reports of the Secretary, Treasurer, Chairman 
of the Board of Library Trustees. They are as follows: 

REPORT OF SECRETARY. 

To THE PRESroENT AND BOARD OF DIRECTORS: 

With this meeting we close the twentieth year of our existence as a 
club. As has occurred in past years, some of our former members have 
resigned their membership in the club for various reasons, others have 
neglected the first requisite of faithful membership, viz., the payment 
of dues, and have been dropped (we hope only temporarily) from the 
membership list. Death has claimed an unusual quota. A great many 
new faces appear at our meeting— 103 new members having been added 
during the year. 
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Owing to the fact that this has been an unusually busy year for 
railroad men, It has been rather difficult to procure papers from them 
for discussion, and had not our railway supply friends come forward 
valiantly we would have had a dearth of papers for discussion. Eight 
of the nineteen subjects discussed during the year were presented by 
our railway supply friends. 

MEMBERSHIP. 
Our membership is as follows: 

Membership, April, 1903 1,108 

Resigned 48 

Deaths 9 

Dropped for various reasons 71 

— 128 



980 
New members admitted during the year, in- 
cluding April, 1904 99 

Reinstated 4 

— 103 



1,083 
According to the records of the Secretary, the following deaths have 

been reported: 

E. O. Dana, H. A. Callan, C. F. Geyer, E. Grafstrom, Pulaski Leeds, 

J. G. Riley, J. N. Barr, J. A. Hinson. 

In accordance with our usual practice, a page will be set apart in 

our annual proceedings that their names may be inscribed thereon. 

FINANCIAL. 

From the Treasurer's books the details of receipts and expenses and 
the financial condition of the club are shown: 

RECEIPTS. 

Balance on hand May 19, 1903 $ 883.48 

Receipts from all sources 5,173.09 

Total $6,056.57 

EXPENSES. 

Cost of binding annual proceedings $ 314.65 

Cost of advertisements 640.22 

Library- 
Salary, librarian, 12 months 240.00 

Insurance 10.90 

Incidental expenses 71.92 

Office expenses 88.69 

Postage 273.37 

Printing proceedings, adv. copies, etc 1,726.87 



Reports of Officers 293 

Purchase of other club proceedings 1,041.91 

Reporting proceedings 195.00 

Salary, Secretary, 10 months 250.00 

Expressage on annual proceedings 139.65 

4,993.18 

Balance in hands of Treasurer $1,063.39 

The club has the following bills receivable: 

From advertising $794.50 

From annual dues— $4.00 292.00 

From annual dues— $2.00 268.00 

From sale of proceedings 148.88 

$1,303.38 

The only indebtedness the club has are the bills approved by your 
Board of Directors at its meeting this morning, amounting to $286.43, 
being the expenses of the club for the month just closed. 

Of the bills receivable, the items for advertising and sale of pro- 
ceedings will be collected, but of the amount due from members on 
account of dues unpaid, probably one-third or more is uncollectible, and 
should be charged to profit and loss, so that the assets of the club can 
be estimated about as follows: 

From advertising $ 794.50 

From sale of proceedings 148.88 

From payment of dues, one-third oft 375.00 

Unappropriated balance 776.96 

Total available balance « $2,095.34 

An analysis of the cost of exchanging club proceedings shows the 
following result: 

To purchase of other club proceedings $1,041.91 

By sale of our proceedings to other clubs 38.64 

Balance against us $1,003.27 

The report of your library trustees will be made indicating increase 
in the number of books in the library and also its condition. 

Respectfully submitted, 

Jos. W. Taylob, 
Secretary. 



REPORT OF LIBRARY TRUSTEES. 

The President and Board of Directors of the Western Railway Club. 

Gentlemen: The Board of Trustees of the David L. Barnes Library 
of the Western Railway Club present herewith their eighth annual report. 

Your library now contains about 1,200 volumes, covering the most 
complete files of current engineering publications in existence in the 



204 Proceedings Western Railway Club 

west, in addition to wliich you have a large number of standard en- 
gineering works forming a library of which any club may well be proud. 

During the past year twenty-two volumes of periodicals have been 
added to the Ales, bringing them up to date, and thirty-one Tolumes cov- 
ering engineering subjects, have been presented by friends and members 
of u*e club, and in addition to this, sixteen volumes of engineering text 
books have been purchased on account of the allowance made by the 
club for the acquisition of new current literature. 

The attendance during the past year has slightly increased over that 
of the preceding year, which we consider an encouraging feature, indi- 
cating an increase in the interest taken by the members of the club in 
their library, and we hope for a still further appreciation to be indicated 
in a still further increase in the use of the library facilities. 

The steady increase in growth of your library has been quite a tax 
on the facilities of the Railroad Gazette Company for housing the library, 
but they have taken good care of your property and again express their 
willingness to care for it throughout the coining year, making such 
changes as may be necessary to accommodate the increase in size of the 
library. In acceptance of their ofter and in appreciation of the courtesy 
of the Railroad Gazette Company in caring for the library, the club 
should take the necessary action. 

Your Board of Trustees at this time has no suggestions to make other 
than to recommend the continuance of the present arrangement with 
the Railroad Gazette Company whereby the library is continued in thehr 
care at 1750 Monadnock Block, in charge of C. H. Fry, Librarian, for the 
coming year. 

Your committee would further recommend the usual vote of thanks 
to appear in the minutes and proceedings of the club to the friends 
and members who have kindly made donations to the library. The Sec- 
retary having duly acknowledged, on behalf of the club, the receipt of 
these donations. 

Ihe accessions to the library during the past year are as follows: 
(See attached list.) 

Respectfully submitted, 

F. W. Sargent, 
Geo. Royal, 
W. F. M. GosR. 

ACCESSIONS TO WESTERN RAILWAY CLUB LIBRARY SINCE MAY 

11, 1903. 

Secretary: John Crerar Library, Eighth Annual Report 

Railroad Gazette: **The Eftect of Brakes upon Railway Trains." 
by Capt. Douglas Galton. 

Railroad Gazette: "Steam Engine Indicator and Its Appliances," 
by Wm. Houghtaling. 

Railroad Gazette: "Indicator Diagrams," by W. W. F. Pullen. 
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Railroad Gazette: "The Cornice Work Manual," by Sidney P. Johin- 
ston. 

Railroad Gazette: "Jim Skeevers' Object Lesson on Railroading for 
Railroaders/' by John A. Hill. 

Railroad Gazette: "Results of Recent Practical Experience with 
Express Locomotive Engines/* by Walter M. Smith, before the Institu- 
tion of Mechanical Engineers in London, October 27, 1898. 

Mr. Edward A. Moseley, Secretary: Sixteenth Annual Report of the 
Interstate Commerce Commission, 1902. 

University of Texas: Bulletin No. 6; The Mining Laws of Texas 
and Tables of Magnetic Declination. 

Mr. L. C. Fritch, Secretary: Bulletin No. 41; American Railway 
Engineering and Maintenance of Way Association. 

Mr. L. C. Fritch, Secretary: Proceedings of the Fourth Annual Con- 
vention of the American Railway Engineering and Maintenance of Way 
Association, held at the Auditorium Hall, March 17, 18 and 19, 1903. 

Mr. F. M. Nellis, Secretary: Proceedings of the Tenth Annual Con- 
vention of the Air Brake Association, held at Colorado Springs, April 
28-30, 1903. 

Mr. J.. W. Taylor, Secretary: Proceedings of the American Railway 
Master Mechanics' Association, Vol. 36, 1903. 

Mr. Edward A. Moseley, Secretary: Fifteenth Annual Report of 
the Interstate Commerce Commission, 1902. 

Mr. J. W. Taylor, Secretary: Proceedings of the Master Car Build- 
ers' Association, Vol. 37, 1903. 

Railroad Gazette: Mayor's Message, Twenty"- Seventh Annual Report, 
Department Public Works, Chicago, 1902. 

Secretary: Transactions of the American Society Mechanical En- 
gineers, Vol. 24, 1903. 

Baldwin Locomotive Works: Record of Recent Construction, Nos. 
21-30 inclusive. 

Baldwin Locomotive Works: Record of Recent Construction, Nos. 
31-40. 

Baldwin Tx)comotive Works: Record of Recent Construction, Nos. 
41-45. 

Baldwin Locomotive Works: "Narrow Gauge Locomotives." 

Peerless Rubber Manufacturing Company: "Compressed Air and Its 
Applications," by Hiscox. 

Railroad Gazette: "Lectures on Commerce/' delivered before the 
University of Chicago. 

Mr. John Havron, President: "Locomotives and Locomotive Build- 
ing in America," by the Rogers Locomotive Works. 

Baldwin Locomotive Works: Record of Recent Construction, No. 46. 
" Mr. W. 0. Thompson, Secretary: Proceedings of the Eleventh 
Annual Convention of the Traveling Engineers' Association, held at Chi- 
cago, September 8, 9 and 11, 1902. 
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Mr. J. H. Warder, Secretary: One hundred and ten back numbers 
of the Western Railway Club Proceedings; 86 back numbers of New 
England Railroad Club Proceedings; 82 back numbers of Northwest 
Railway t'lub Proceedings, and 55 back numbers of Central Railway 
Club Proceedings. 

Mr. K A. Simmons: "Universal Directory of Railway Officials," for 
1903. 

Mr. W. H. Boardman: **Car Builders* Dictionary," 1903. 

Mr. Edward A. Moseley, Secretary: Seventeenth Annual Report of 
the Interstate Commerce Commission, 1903. 

Mr. Wm. Kilpatrick, Secretary: Thirty -third Annual Report of the 
Railroad and Warehouse Commission. 

The following is a list of the volumes bound for 1903: 

Electrical World and Engineer. 

Street Railway Journal. 

Street Railway Review. 

The Engineer (Cleveland). 

Railway Age. 

Locomotive Engineering. 

Engineering and Mining Journal. 

Engineering (London). 

Railway and Engineering Review. 

Engineering News. 

Railway Engineer (London). 

Iron Age. 

American Machinist. 

Stevens Institute Indicator. 

Journal of Associated Engineering Societies. 

Journal of Western Society of Engineers. 

The Engineer (London). 

Railroad Gazette. 

Sibley Journal. 

Wisconsin Engineer. 

St. Louis Railway Club. 

Engineering Magazine. 

The following is a list of books purchased: 

Practical Physics of the Modern Steam Boiler. 

Locomotives: Simple, Compound and Electric. 

British Locomotives. 

Locomotive Breakdowns and Their Remedies. 

The Prevention of Smoke. 

The Calorific Power of Fuels. 

The Gas Engine. 

Gas Engine Handbook. 

Liquid Fuel and Its (>)mbustion. 

Electric Power Transmission. 
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Air Brake Catecliism. 

Mechanical Engineer's Handbook. 

American Railway Transportation. 

Electrical Machinery, Vol. 1. 

Ganzenbach Engineering; Preliminaries for an Interurban Electric 
Railway. 

Electric Street Railways, by Houston & Kennelly. 

Thirty-one volumes presented; 22 volumes bound; 16 volumes pur- 
chased, $40.28; total volumes, .69. 



TREASURER'S REPORT. 

To the President and Board of Directors of the Western Railway Club J 

Gentlemen: Herewith I hand you my annual report for the year 
ending May 17, 1904. 

On hand last report $883.48 

Received from Secretary July, 1903 887.50 

Received from Secretary August, 1903 41^.60 

Received from Secretary September, 1903 281.00 

Received from Secretary October, 1903 232.00 

Received from Secretary November, 1903 739.00 

Received from Secretary December, 1903 514.45 

Received from Secretary January, 1904 . . . ! 447.25 

Received from Secretary February, 1904 380.39 

Received from Secretary March, 1904 526.25 

Received from Secretary May, 1904 274.50 $6,056.57 

Paid out May 1903 $308.53 

Paid out July, 1903 380.68 

Paid out August, 1903 390.71 

Paid out September, 1903 638.46 

Paid out October, 1903 473.72 

Paid out November, 1903. 482.59 

Paid out December, 1903 401.72 

Paid out January, 1904 531.55 

Paid out February, 1904 445.56 

Paid out March, 1904 438.42 

Paid out April, 1904 501.74 

Total paid out $4,993.18 

Balance on hand $1,063.39 

Peter H. Peck, 
Treasurer. 
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Ou motion of Mr. Peck, the reports of the Secretary and Treasurer 
were referred to an auditing committee and the report of the Trustees of 
the Library was accepted and placed on file. 

Mb. F. W. Sabgent (Sargent Company) Is it in order to discuss 
the reports? If so, I would like to call the attention of the members 
of the Club to the fact that we are paying out over $1,000 a year for the 
proceedings of other clubs for a small portion of our members, and we are 
receiving only about $38 for the sale of our proceedings. This does not 
seem to be right, and inasmuch as all the other railroad clubs have done 
away with furnishing proceedings other than their own to the members 
without special charge being made therefor, I would move you that the 
Club dispense with the furnishing of these proceedings of other clubs 
to the members. That the members who in the past have been receiving 
those proceedings may make such arrangements as they prefer with the 
various clubs to get their proceedings, and that the $1,000 per year that 
will be saved by the change may be appropriated for a fund for the 
maintenance and enlargement of the Western Railway Club library. 

Seconded. 

Pbest. Cbawfobd: It has been moved and seconded that the practice 
of purchasing for free distribution to the members of the Western Rail- 
way Club the proceedings of the other clubs be discontinued, appropria- 
tion be made for the benefit of the library of the Club. We will be glad 
to have any discussion on this motion. 

Mb. Sabgent: Before that motion is put, I want to say that we do 
not mean that the proceedings of the other clubs will not be on file 
in the library and the files maintained so that they will be accessible 
to any member of the Club at any time. They will have the proceedings 
of the foreign clubs in the library where they belong. 

Mb. Babnum: Mr. President, in the meeting of the Board of Directors 
this morning, it developed that there were only about 240 out of 1,063 
members who were getting these exchange proceedings, and quite a 
number of these 240 members are also getting the same by membership 
in other clubs, and furthermore, additional members are getting the gist 
of those reports in the technical papers, and it seems that the Western 
Railway Club is paying a very high price for a very small benefit to a 
small percentage of its members; that the money so expended can be 
used to a greater benefit for the Club and its membership. There are 
several ways in which this can be done. One suggestion was that we 
obtain— which is very badly needed— better quarters for the library, so 
that we can have a meeting place or headquarters for the Club, some- 
thing more commodious and more convenient for the general use of the 
club members than the present quarters, which are always open, but 
which are limited in their space, and that is the reason why this ques- 
tion comes up at this time, and I believe that the Club, as a whole, 
would be very much benefited by this move. 

Mb. R. B. Smith (C. B. & Q.) : This is a matter that has been con- 
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sidered by several Boards of Directors, of which I had the honor to be 
a member, and it was never thought a wis^ thing to do before. Person- 
ally, I have always been in favor of the motion as made here today, 
but 1 would like to know whether this comes as a recommendation from 
the Board of Directors. If it does, I will feel more like supporting it 
than if it is just something brought up here personally. 

Mr. Peck: It does come as a recommendation of the Board of 
Directors. They voted on that this morning. Previous to this, for many 
years, the last board has always postponed that for a new board. We 
now think that it is wise to dispense with furnishing the proceedings, 
as we can use the money to better advantage for our library. 

The Secbetaey: I might say that the board at its meeting this 
morning, as Mr. Peck has said, thought that it would be a good thing 
to do to discontinue the purchase of other club proceedings and that this 
discontinuance should commence after the May issue of the other clubs. 
That will finish up the fiscal year of the other clubs' proceedings. 

Motion was put to vote and carried. 

The Secbetaby: Mr. President, before we proceed to the election of 
oflBcers, I wish to state that at the board meeting this morning, the death 
of Mr. J. N. Barr was reported. Mr. Barr was a Past President of the 
Club, was one of the oldest and most active members of the Club, and 
it was suggested that the President, with the assistance of such other 
members of the Club as he may call on, draft a set of resolutions to 
appear in the proceedings of this meeting, and I would like to suggest 
that as a motion, that the President be authorized to prepare a suitable 
resolution to be incorporated in the proceedings of this meeting on the 
death of Mr. Barr* 

Motion carried. 
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Jacob fi Barr 



Mr. Jacob N. Barr died at Libertyville, 111., 
May 15, 1904, at the age of fifty-five years, 
after a life devoted to railway work in the 
mechanical and operating departments. He 
became a member of the Western Railway 
Club in September, 1886, two years after 
its organization, and was President during 
the years 1890-91. He was always an active 
participant in the affairs of the Club. The 
papers he presented and the prominent part 
he took in our discussions added not a little 
to the value of our proceedings in mechani- 
cal matters. Physically and mentally Mr. 
Barr was a large man : of fine intellectual 
attainments : possessed of a thorough, prac- 
tical and theoretical mechanical training, 
and with a mind clear and acute, he was well 
equipped for the successful career which 
he achieved. By his death the Club sustains 
a severe loss, but it is to his family that our 
sympathies should extend in this hour of 
affliction. 
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A motion was made by Mr. R. D. Smith and carried that a vote of 
thanks be extended to the Railroad Gazette for housing the library dur- 
ing the past year and for their offer to take care of It the coming year. 

The Secretary: Mr. President, the next order of business being the 
election of officers, before proceeding, I will read from the constitution 
in regard to the election, so that you may know how it should be carried 
on umler the constitution. The Secretary read that clause of the consti- 
tution applying to the election of officers. 

I will suggest, Mr. Chairman, that we first have two collecting tellers 
and two counting tellers appointed. 

The President appointed the following: Messrs. E. A. Gilbert and 
0. M. Stimson, counting tellers; Messrs. C. H. Fry, Jr., and George 
Isbester, collecting tellers. 

The informal ballot for President resulted as follows: 

Le Grand Parish, 40; J. A. Carney, 4; C. W. Cross, 1; C. A. Seley, 1; 
total, 46. 

On motion of Mr. Peck, the vote of the Club was made unanimous 
for Mr. Parish. 

The informal ballot for First Vice-president resulted as follows: 
J. A. Carney, 43; A. L. Sanger, 1. 

On motion of Mr. Peck, the vote of the Club was made unanimous 
for Mr. Carney. 

The informal ballot for Second Vice-president was: H. T. Bentley, 
36; P. H. Peck, 1; C. B. Young, 6; M. K. Barnum, 2; C. W. Cross, 1. 

On motion of Mr. Peck, the Secretary was instructed to cast the 
ballot for Mr. Bentley. 

The informal ballot for Treasurer was: 41 votes for Mr. P. H. 
Peck. 

On motion of Mr. Gilbert, the Secretary was instructed to cast the 
ballot for Mr. Peck. 

The Informal ballot for three members of the Board of Directors 
resulted as follows: M. K. Barnum, 27; C. A. Seley, 26; C. B. Young, 30; 
A. L. Humphrey, 6; William Forsyth, 3; F. W. Sargent, 2; P. Maher, 1. 

On motion of Mr. Peck, the secretary, was instructed to cast the 
ballot for the three highest. 

The ballot for Library Trustees resulted as follows: C. A. Seley, 32; 
F. W. Sargent, 29; Prof. Wm. F. M. Goss, 28; W. K. Barnum, 2; C. B. 
Young, 2; T^wis, 1. 

On motion of Mr. Peck, the Secretary was instructed to cast the ballot 
for the three receiving the highest number of votes. 

It was moved by Mr. Barnum that the Club extend a vote of thanks 
to the President for his services during the past year. 

Motion was put to vote by the Secretary and carried. 

Mr. Crawford: Gentlemen, I am sure I am very much obliged to 
you. I regret very much that I was transferred out of the territory of 
the Western Railway Club so that I did not have an opportunity to 
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be with you more frequently, attend more of the meetings than I have. 
I again thank you. 

I will appoint Mr. Gilbert a committee of one to escort the newly- 
elected President to the chair. 

Gentlemen of the Western Railway Club, I wish to introduce Mr. 
Parish, the President-elect. 

Pbest. Parish: Gentlemen, I wish to thank you for the honor yoa 
have conferred upon me and I will do the best possible to foward the 
interests of this Club at all times. 

The Secretary: I would like to make the announcement that the 
following officers have been elected: President, Le Grand Parish; First 
Vice-president, J. A. Carney; Second Vice-president, H. T. Bentley; Treas- 
urer, P. H. Peck; Directors, W. K. Barnum, C. A. Seley, 0. B. Young; 
Trustees of the Library, C. A. Seley, F. W. Sargent, Prof. W. M. F. Goss. 

I would also move that a vote of thanks be extended to the count- 
ing and collecting tellers for their arduous services and that they be 
discharged. 

Seconded and carried. 

It was moved by Mr. Peck that the Club send a floral emblem to the 
home of Mr. Barr in the name of the Club. 

An amendment was made and accepted that a committee of three 
be appointed to attend the funeral. 

Prest. Parish: Gentlemen, you have heard the motion, which is 
that a committee of three be appointed to attend the funeral of Mr. 
Barr as representatives of the Club and that they take with them a 
floral emblem on behalf of the Club. 

Motion carried. 

The President appointed as such committee Messrs. A. E. Manchester, 
M. K. Barnum and P. H. Peck. 

Prest. Parish: I wish to say that there will be a meeting of the 
Board of Directors immediately after the Club meeting adjourns. There 
being no further business, a motion to adjourn will be in order. 

Adjourned. 
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EWALD IRON COMPANY, 



MANUFACTURERS 



TENN. C. C. BLOOM STAYBOLT IRON. 

"Laurel" C. C. Iron .^-^%!!-:Jt.l.C." Charcoal Iron 
"Boone" Iron ^^^'^- ?^^^^^ Steel Plates 



QtiLinG, wdnKs. 



TEHH. C. C. BLOOM ^^-^ 
ROUND EDGE BARS- ^^ 

Main Office and Warehouses* 



>*^ TENN.C. C, BLOOM 

HEXAGON BARS. 

ST. LOUIS. 



SHUTTING DOWN 
FOR REPAIRS, 




StaFkding still, dead macb- 
inery, pays nothing in 
the coin of resiiltj. You 
reach that point by stick- 
ing to poor paints. 
Dyiuunos, ene'lnea and 
I machinery give hij^hest 
measure of service whca 
ymi use 

Wisconsin 

OrapKite 

Roof and 

StacH Paints. 

Preservijae, sniootii and 
lasting. 

Write today for sani- 
tjlcs and prices. 



WISCOHSIN GRAPHITE COMPANY, 
PITTSBURG, PA. 
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ADVERTISEMENTS 




THE 

LITTLE 
GIANT 
DRILL 

IN CLOSE. 
QUARTERS 



AN I NCIDENT 

One of the largest railroad systems in the country 
determined recendy that they would decide on one 
particular type of Pneumatic Tools and would use 
that type exclusively. They concluded, and rightly, 
that this method would eliminate a lot of confusion. 

In the tests of the various types of Pneumatic Tools 
which followed, the **Boyer" and *' Little Giant*' 
demonstrated their superiority so conclusively as, in 
the words of a spectator, *'to make a comparison 
impracticable.*' That's the finish- — of the incident 
and the other makes — but just recollect that when 
tools win out purely on their merits, as in the above 
instance, they are at least worth investigating* 

When you are in the market for Pneumatic appli- 
ances of any character, write us. The Tools wc send 
will do the rest 

We manufacture every variety of Pneumatic appli- 
ance and our catalogue describes them* It*» free 
and will interest you* Better write for it. 



CHICAGO PNEUMATIC 
TOOL COMPANY 



General Offices : 
Fisher Building, CHICAGO 



E&vterB Offices : 
gs Liberty St., ITEW YOEK 



ADVMBTiaMMMNn 



Pressed Steel 
Car Company 




PRESSED STEEL CARS 

of all classes for universal or specialized uses, as well as Bolsters, Trucks, 
Brake Beams, Side Stakes, Stake Pockets, Center Plites, Steel Onderfram- 
ing complete for all wooden equipment, and other pressed steel specialties. 

OFFICES : Plttsburf, New York, Chloasco, London, Nleifeo, Sidney, H. S. W. 



Gould Coupler Co. 



OFFICES 
25 West a3d St.* New York 
1120 The Rodkery, Chicago 
Depewt N. Y. 



WORKS 
Axle Forge, Depew, N, Y. 
Malleable Iroiir Pepew, N. Y. 
Cast Steelp Oepew, N. Y. 




GOULD MALLEABLE IRON 
JOURNAL BOXES. 

GOULD FRICTION DRAFT 
OBAR. 



ADTMMTIMMMMim 




TheChapman 
Jack. 



-Patented 



ALWAYS 

LUBRICATED AND RBADY FOR USB 



THE CHAPMAN JACK CO. 

CLEVELAND, OHIO 




85,000 miles of track 

Chicago Varnish 
Company 



Represent 

the 

railway 

conttitueiicy 

M Vetey Street, New York 
Dearborn and Kinxie Streeto, Chicago Pearl and High Streets, Boston 



i a » ^»»»»^<»<l»»»»»»»l>^»»t»»€€<C€CC€CC€€CTOCC < €€C€€C ' 




_._,___,_ @@ Steel Tires 

on 

Locomotive Driviaf Wheels sod 00 Steel-Tired Wheels 

give the best results 

for every variety of serviee. 

Thomas Prosser & Son 

15 Gold Street New York 

Old Colony Building Chicago 



Wc don't sell all the paint things that railroads use 
— paint, varnish, brushes; wc sell probably two- 
thirds of all. We ought to sell that other third: 
for your sake more than ours. Devoe paint things 
are right; the important point is, you can always 
be sure they're right. 

Dxvox & Raynolds CoMPANVy New Yokk and Chicago 



A D YSM TISEMBNTH 
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ESTABLISHED 1825 



UNITED STATES IRON 

BROWN & CO., INCORPORATED 

PITTSBURGH. PA. 

For Staylioitt, Mm Rods, Driting Axles and other special purposes 




THE 



SIMPLEX 
CAR JACK 

WILL DO YOUR WORK MORE 
SATISFACTORILY AND WILL 
SAVE 50 PER CENT OF THE 
ANNUAL AMOUNT FORMERLY 
EXPENDED for JACK REPAIRS 

TEMPLETON, KENLY & CO., Lid. 

The Rookery, CHICAGO 



TYLER "^^''KNOBBLED, HAMMERED CHARCOAL IRON 

TUBES FPf lacomotivo Boilers 



MANAaER nAILHOAO OE^AIITItf 
OLD OOLONV ■UliDlNG 
CHICAQO 



TYLER TUBE & PIPE CO- 

WA8H»NGTON, 
WASHINaTON CO** 

FENN. 



NEW YORK OrFlCE — HilVEillflR BLDQ., 26 CORTLAND! ST. 



For Plans and Specifications of 

WATER SOFTENING 
APPARATUS 

Of the most approved design, write 

Industrial Watur (t«iia^^^^\ 

l_ 126 Liberty Str»*\. » X. 



ADVBBTiaEMENTM 



NEW YORK BELTING & PACKING CO., Limited 

MANUFACTURERS OF 

Rubber Goods for Railroad Equipment 




E. W.THOMPSON. Men. Railroad Dspartmbnt. 

01 & 03 CHAMBERS ST., NEW YORK 

Boston, Philadelphia, Baltimore, Chicago, Indianapolis, St. Louis, San Francisco 



Cf 



High Standard'' Body Colors for 




BAGSASE CARS 

Made for ease and speed of working, thorough covering, 
durability and beautiful effect. 

These colors have been tested and used by many railway companicG 
for many years with BEST RESULTS. 



Study Our New **M.R. Book," 

THE LOWE BROTHERS COMPANY 



llYTON, O. 



VBW TOBK. 



KANSAS CITT' 



Crosby Steam Gage and Valve 
Company ""V.l^KSslS5l!!l".s 

Crosby Locomotive Pop Safety Valve*, Pi*in or Muffled. 
Crosby 3te«m Preiflurv and Duplex Gagea, 
Croiby Count frf- and Preaaur« Recordexa. 
Odgjnal Single Bell Chime Wblatlea. 
Johnstone Blow Off Valvea- 

Croaby Steam Engine Indicator, mth Sargent '& Electrical 
Attachment for taking any □ umber of dia^nuns 

Main Office and Workn.... BOSTON, MASS, 

Stores— 'Boston. New York^ Chicago^ and London, Eng, 
Send for Catalogue and Pncei. 




SPENCER OTIS COMPANY 
RAILWAY SUPPLES 



CHICAGO 



OMAHA 



ADYEMTiaEMENTa 
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PEERLESS RUBBER MFG. CO. 

HUuMlactwtn of Plot Machaikal RiMtr Otttfi Itr RailfMd Bf irfpaMt 




16 Warren Street, New York 



Pintsch Light 



Steam Heat 



In use on 130,000 cars, 6,000 locomotives, and 
1,700 buoys in Europe and AmericsL The test 
of experience has proven it pre-eminent in 
efficiency, reliability and economy. 

BRANCH OFFICES: 



Jacket Systems of Hot Water Circulation, 
Direct Steam, and Direct Regulating Syt- 

tems. 

Safety Straight Port Couplers . 

In use on 130 railroads in the United Sutes. 



CMcife* 

1117 MeiadMck Bnildlog. 
81. Leelt: 

MISMIsiewlTrMtBldg. 



501 Arcade Beildleg. 
Sm Pmicisce 

1005 MetMl Sivloft BaekBldg. 



Safety Car Heating & Lighting Co. 

Principal Office, i6o Broiulway, 

NEW YORK CITY. 



Qalena-Signal 
Oil Company 

FRANKLIN, PA. 



Charles Miller. .p«»went 



Successor 
to Galena Oil 
Company 
and Signal Oil 
Company, 
sole manufac- 
turers of the 
celebrated 
Galena Coach, 
Engine and 
Car Oils, and 
Sibley's Per- 
fection Valve 
and Signal 
Oils. 
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THE 

NEW YORK 

AIR 

BRAKE 


APPLIED TO THOUSANDS 
OF CARS AND ENGINES 


ON THE FOREMOST 
RAILWAYS OF THE WORLD 


The New York Air Brake Co. 

66 BROADWAY. NEW YORK 
FISHER BUILDING. CHICAGO 



RAILWAY STEEL SPRINO OOMPMY 

HELICAL AND ELLIPTICAL SPRINGS 
STEEL TIRED WHEELS 

PRESSED STEEL JOURNAL BOX LIDS, M. 0. B., FLETCHER ni all 
•th«r dMlgM, tap Mi tidt huig; MmtU aid Draul Patoatt. 

Seneral Offices: 71 Broadway, New York. 

Branch Offices: Chicago, 1380 Old Colony Building; St. Louis, Lincoln Trust Buildug; St. Prat 
Pioneer Press Building; Washington, D. C, 17 Sun Building. 
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Sherwin-Wiluams 
STANDARD DEPOT PAINT 

on depots, section houaca, thopa, etc*, gives greatest satis- 
faction at least cost. Write our nearest office for prices, 

C%THE SHEBW/H'IViLLfAMS CO. 
^ SPCClALfSTS IN FA1NT5 AND 

VARNISHES FOn HAItWAY USES. 
Cimntandr Chicago, ^iw T'crrA, figifftCtrfr, Boston, fCatt§ii§ dtg, 
San ffnTKJMC^f iof Anggtea, Sart Dlrga^ MinnBapafia, Morftratlt. 
Tfjrnnta, WifinifHa, iandan^ Sag. witl? 



T!!S Adams & Westlake Company 

MICMO raiUlOCLraiA NEW YORK 



SIGNAL 
LAMP5 

— OF EVERY — 
DESCRIPTION 



Car Lamps. Lantern Headli^ts. Metal 

Washstands. Railroad Glassware. 
Adlake Long Time Burners famished lor all 

types of Signal Lamps. 

ADUUCI ACETYLENE MS CAR-UailTIMI SYITEM. 

CAR TMHHHMS. SWITCH UWKS. 

SANITARY CLOUTS. VESTIBULE TRIMIIINOS. 




Hydraulic 

Wrecking Jack 



Will work at any angle from verti- 
cal to horizontal. Outside cylinder 
protecting the ram from dust and 
dirt, thereby reducing repairs to a 



mmimum. 



Write for our Catalogue No. 6i, 
describing our other Jacks 



WATSON -STILLMAN CO. 



Home Office and Works 

46 Dcy St, New York City 



453 The Rookery 

ChicagOi 111. 
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The American Brake Shoo dc 
Foundry Company 



•ROilOWAY-llliUOEN LANE BUIUNNS 
nO.Braaiway, Ntw Ytrk 

Operating the plants formerly controlled by the 

Ramapo Foundry Co., Mabwah, N. J. Tbo Lappln Brako Shot Co., 
Bloomfield, N. J. and Buffalo, N. Y. Tbo CtrnlRg Brako Shot & IraR 
Works, Corning, N. Y. The Sargent Ca., Cbloaga Holgbts, III. Rast- 
Meehan Foundry Co., Chattanooga, Tonn. 

Manufacturers of Brake Shoes under the 

Sargent, Diamond '\S," Lappin, Corning, Stroetdr, Harran, Cardwall 
and other patents 

ALSO MISCELLANEOUS IRON & STEEL CASTINBS 
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The A. B. C. 

Adjustable Bearing 
^ Complete. 



ATLANTIC BRASS CO. 

192 Broadway, New York 

Manufacturers of 

Brass Castiofs, Journal Bear- 
iogs, Malleable Iroo Castings. 

The A.B.C. Self-Adjustlof 
Joaroal Beariof s 

Prices and particulars furnished upon The A. B. C. WedgC 

requct ^ , fitting the 

Chicago OfHcc: 1200 Fisher Bids. m. C. B. Brass. 




CAMEL COMPANY 

Old Colony BIdg., OHICAaO 

NRS HOSE BANDS 
CAMEL JOURNAL BEARING 

SECURITY, DUNHAM AND Q& C CAR DOORS 




Trade Mark. 



Beckwith-Chandler Company 



COACH AND RAILWAY VARNISHES 



FACTORY 
193-203 BMMET ST,, AVBNUE B 

AND 

242-248 WRIGHT STRBBT 

NBWARK. N.J. 



NBW YORK OFFiCa 

1 WIST 34TH STRBBT 

CINTURY BUILDING 



"The Graphite Glaze" 

may be put uponvalve/faces« cylinder^walls, brasses and 
pins, journals and bearings, by using 

Dixon's Pure Flake Graphite 

It will, quiet the noisiest valve and cool the hottest bearing* 

Get Booklet 153C and a sample. 
JosepK Dixon Crucible Co., Jersey City, N. J. 
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The Standard Steel Works 

1103 HARRISON BUILDIN8, PHILADELPHIA 

STEEL 
TIRES 

Steel Tired Wheels 
Steel Castings 
Steel Porgings 

Railway Springs 




Wettorn RfprasMMivM 
CNAS. RIDDEU, ChlMCO 

FRANK Jt aOOSELL, St. Paal 



Ashton Mufflers, Pop Valves and 
Steam Qages 

MBRIT8 ANO RBPUTATION 
UNBQUALLED 

Our Muffler is the only one with outside top regu- 
lation for the pop. Always available. 

THE ASHTON VALVE COMPANY BOSTON. MASS. 





BARRETT JACKS 

Are the STANDAKD for any Railroad lifting Purpose. 
Made in 20 Different Sizes, with Capacities 
from 5 to 20 Tons. 



=TRAGK JACKS, OAR JAOKS, 



CAR-BOX JACKS k DRIDOE jiOKS 



SEND FOR CATALOGUE 
RUDE ONLY SY 



THE DUFF MANUFACTURINa GO. 

PITTSBURB, PA. — ■ 

Works :—Alleghbny, Pa. 



ADYBBTiaEMENTS 
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Revere Rubber Co. 




Boston New York Chicago 



The Murphy 
A-B-C System of Railway Painting 



ISBND FOR PAMPHLET 



Murphy Varnish Company 

NEWARK BOSTON CLEVELAND ST. LOUIS CHICAGO 



PflBEiiuiiEr 
^jflllllV ELECTRICSTEAH& HOT WATER 

wb]i<!hJiiBuiidiaE.i7Biti«^na« HEMlNC APPARATUS 



UTALDGUfS ft QSCLIURS 
CHEERFtlllY flJRNl5HED. 



-SI-:** V<*^K 



FOR RAILWAY CARS. 



Fairbanks-Morse Gasoline Engines 

Water Stations, Electric Lif hting, Compressins Air, and Oeoeral Power ParpoMt 
RELIABLE RAILWAY SUPPLIES 



Hand and Push Cart 
Motor Cars 
Water Columns 
Tanks and Rxluros 

I Pumps and Boilers 



FAIRBANKS, MORSE & CO. 

CHICAGO 

CLBVBLAND ST. LOUIS KANSAS OITY 

CINGINNATI ST. PAUL SAN PRANGISCO 

INDIANAPOLIS OMAHA LOS ANOILBS 
LOUI8VILLB DBNVBR PORTLAND. ORB. 

SALT LAKB OITY LONDON. BNQ. 
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COnPLETB EQUIPilENTS FOR 

RAILWAY, iVUCHINE AND REPAIR SHOPS 

N1LES«BEMENT»P0ND CO, ^^'eHIk^^i^^ 

CHICAGO OFFICE: Western Union Bids. ST. LOUIS OFFICE: 516 N. 3rd St. 

ONB HUNDRED AND SIXTY-TWO RAILROADS NOW USB THE 

STANDARD STEEL PLATFORM 

ANOTHER IMPORTANT PROBLEM IN CAR CONSTRUCTION 
IS SOLVED BY OUR 

Sessions"Standard Friction Draft Gear 

STANDARD COUPLER CO., 160 BROADWAY, NEW YORK 

AUTOMATIC STEAM TRAPS 

Absolutely 
Guaranteed Not to Freeze 




Distiognishins Feature: 

Hot Metallic Connection 



Sewall straight Port Coupler 

CONSOLIDATED GARHEATINe CO., ALBANY, N. Y. 



ADTMSTIBBMMlfTB 



XIX 



The Standard for Eighty Years 

For Staifbelts 
" EnKiNO Bolts 
" Spociil Forglngs 

SLIGO IRON & STEEL CO. 



ine 9'Hinaara Tor cigni 

"SLIGO" IRON 



8UCCB880R TO 

PHILLIPS^ NIMICK A CO 



PITTSBURGH. PA. 



E8TABLI8HBD 1823 



National Tube Company 

CHARCOAL HAMMERED IRON 

Locomotive Boiler Tubes 

the largest manufacturers op special mild steel 
and strictly wrought iron tubular goods in the 

WORLD. FROM ORE TO FINISHED PRODUCT. Sizbs H to 30 In. 



NewYerk Ohicage 



Pittsburgh St. Leuis 



SAN FRANCISCO 



American Lecomotive Company 

Builders ef Lecemotivos for All Glasses ef Service 

Generai O0ic9, 25 Broad Sfresf, Mbw York 




Schenectady Works, 

Schenectady, N. T. 
Brooks Works, 

Dunkirk, N. T. 
Pittsburg Works, 

Allegheny, Pa. 
Richmond Works, 

Richmond, Va. 



Cooke Works, 

Paterson, N. J. 

Rhode Island Works, 

Providence, R. I. 

Dickson Works, 

Scriuiton, Pa. 

Manchester Works, 

Manchester, N. H. 



Montreal Works, Montreal, Can. 
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BALDWIN 
LOCOMOTIVEWORKS 

Broad and | AOAMJATIlf EC Slngla Expansion 

Narrow Baugo L If VV IffI V I ■ W b^ and Compound 




MlnBy FumaoB and Industrial LooomotlvBs. ElBctrio 

Locomotives with Westlnghouse Metors 

and Electric Trucke. 

BURNHM, WILUMS t CO. miSSimPkS:S!& 



The Kelso Coupler 



The up/to^te Couplefi having a positive 
"locfc«et^' and ** lock/to/thc/locki'^ comply/ 
ing fully with the specifications of the 
Master Car Builders^ Association and with 
the requirements of the Safety Appliance 
Law. Made of open hearth steel with 
either a 5x5/inch or 5x7^ch neck. 



Manuffaoturod Exoluslvoly by 

The McConway 4 Torley Co. 

PITTSBURQ, PA. 
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MANNING, MAXWELL & MOORE 

RAILWAY AND MACHINISTS 
TOOLS AND SUPPLIES 

85-87-89 Liberty St., HEW YORK 
BOSTON GHICAeO PITTSBUReH 

The Consolidated 

Safety Valve Co. 



MAmfFAonmiiis or 



The Consolidatod 

Pop Saf oty Valvo 

Used by 131 Railroads. Sead for Catalotae 

85-87-89 Liberty St., New York 




ASBE5T05 
TRAIN-PIPE COVERINGS 

I.OCOMOTIVE LAGGING 
PACKINGS 



WRITB FOR SAMPLBS^ BTC. 



H. W. JOHNS-MANVILLE CO. 

100 'WiUiams St.» N«w York 



New York 
Philadelphia 



Milwaukee 
Pittsburg 



Chicago 
Cleveland 



St. Louis 
New Orleans 



Boston 
London 
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SPECIFY 

Franklin K. & M. 85^ Pure 
Carbonate of Magnesia 

Sectional Boiler Lagging 



It is a perfect heat saver, lasts forever, 

easily applied, readily removed and 

reapplied without waste 





r\ * 1 ( Asbestos 

iiiroaii Special | sr„,.„ 

and MOMARCH Deller Lagging 

TRAIN PIPE COVERING, all Asbestos 

Asbestos gaskets, packings, cements, 
boards, papers, fibres, etc. 



PERFECTION JOURNAL BOX PACKING 

Contains all the elements necessary 
for a first-class packing 

Franklin Mfg. Co. 

C. J. S. MILLER, President 
FRANKLIN, PA. 

GHICAQO OFFICE: 308 Western Union Bldg., CHICAGO, ILL 
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Westinghouse 

Automatic Air Brake 

In use on all the principal Railroads of the World. 

Westinghouse 

Friction Draft Gear 

Practically eliminates damages to 
draft-riggins: due to shocks and 
strains in handlins^ long and heavy 
trains. 

Manufactured by 

The Westinghouse Air Brake Co. 

PITTSBURO, PA. 



The Q&C PORTABLE RAIL SAWS 

cut the rails clean, save both 
ends of the rail and are great 
savers of track labor. 

The Q & C SAMSON RAIL BENDER 

AND 

The Q & RAIL DRILLS 

are unequalled for track: work. 

Send for Catalog. 

RAILWAY APPLIANCES CO. 

Qiiiral Olfion: Ntw York Offlit: 

Old Colony BIdf., Cbloa^o 114 Liberty St., Now York 
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Whiting Foundry Equipment Co. 

ENGINEERS. DBSIGNKRS mnd MANUrACTURERS 
HARVCT, II^I^. (CKioatfo Sfibtirb) U.S.A. 




2-5 Motor Elec. Travelers. Capacity, 60 tons each. Span, 70 feet. 

CRANES FOR R. R. SHOPS AND YARDS -ALL TYPES 
FOUNDRIES-EQUIPPED COMPLETELY 

CATALOaS PR** WITH LISTS OP USSRS. R. R.'a AMD OTHBRS. OP CRAHIS AND CUPOLA* 



■^"^="^* ^^MPtJia Unlfw«r9lty 


UbraUM ^^^ 


li'l 


11 


11 


IIH 


3 tlOS QIO 


EH7 034 



STANFORD UNIVERStTY LIBRARIES 

STANFORD AUXILIARY LIBRARY 

STANFORD, CALIFORNIA 94305-6004 

{415} 723-9201 

Alf books may be recalled offer 7 days 



DATE DUE 




